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PREFACE

This series of textbooks in modern mathematics for the
Junior Secondary School is printed in four volumes: Geometry 1,
Part 1 and Part 2, which appears here, and Algebra 1, Part 1
and Part 2, which was printed in January 1966.

The primary purpose of this series is to introduce
Secondary School Form I and Form II students to some basic
concepts and ideas in modern mathematics. These bocks assume a
knowledge of mathematics through the Primary 6 Programme in
Nigeria., The material contained in these volumes takes the
students through some mathematice with which they are already
familiar, but approaches it from a different and modern point

of view. This material also introduces the students to ideas
with which they are not familiar. The combination of these two
approaches will help lay a firm foundation for futher work in
modern mathematics.

This series of books can be utilized in the following
ways:

(1) as a transition course from a traditional Primary
School background to a Secondary Grammar School. Programme in
modern mathematics, such as that represented by the Entebbe
Mathematics Series, or the 3outhampton Mathematics Project.

(2) as a complete two-year course Programme in modern
mathematics for those students in a Junior Secondary School.
(3) 1in conjunction with other material, as a three-year
course Programme in modern mathematics for those students in
a Grammar School who do not plan to take mathematics up to the

" School Certificate Examination level.

This series of books was written by members of the

| Mathematics Department of the Comprehensive High School,

Aiyetoro, flestern Provinces, during the school year 1965 and
the first term of 1966. The material was initially written,
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Taught in the classroom by five different teachers to seven
Sections, and then rewritten in the light of that classrocm
experience. These books are still experimental texts, and any

comments, suggestions, and criticism would be greatly appreciated.

The authors feel that the material is presented in such
a way that the student will uwnderstand the basic concepts and
structure of mathematics, rather than commit them to memory.
Also, there are many and varied exercises to help reinforce
the student's understanding of these basic ideas.

The authors wish to thank the Ministry of Education of
the Western Provinces and the Chief Inspector, Mr. H.M.B. Somade,
for the freedom to develop this material; they wish to thank
Mr. J.B.0. 0jo, Principal of the Comprehensive High School, for
his faith in their work; they wish to thank Harvard University
for its professional assistances they wish to thank Professor
Merrill E. Shanks of Purdue University for his helpful criticism
of the Geometry 1 materials they wish to thank the Communications
Media Services and Mr. Richard Wolford of the United States
Agency for International Development, Lagos, for printing these
books; and they wish to thank their wives for much patience and
understanding throughout the school year.

Mathematics Department

P.A. Oguntunde, Chairman
Mrs. A. Odusanwo Daniels
Richard A. ILittle
J.B.0. Ojo
Joseph P. Pavlovich
Comprehensive High School
Aiyetoro, Western Provinces
August 1966
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T0 THE TEACHER

This series of textbooks in modern mathematics was
written for a broad spectrum of students' ability: for the very
good student on the one hand, to the rather poor student on the
other. This series can be taught to a wide ability spectrum by
properly pacing the materizal according to the needs of the class.
The following table may serve as a rough guide to help you
estimate your time:

Length of Time

Type of Student Algebra 1 Geometry 1
Very Good 2 % Terms l% Terms
Average % Terms 2 Terms
Poor P, % Terms 2 % Terms

The exercises are the key to proper pacing. Included are
more than enough exercises for all but the very slow student.
In your assignments for homework, give enough exercises from
each section of the text to cccupy the students for 30-45
minutes per day. The fast student may require only a judicious

selection of exercises from each section in order to master the
idea involved, whereas a slow student may have to spend two or :
three assignments on one section of exercises for full compre- ?
hension.

This series of books was designed to give you the teacher
a wide choice for adaptation to your own purposes and needs.
You may wish to use the Algebra 1, Part 1 and Part 2 texts

during most of Form I, then teach from Geometry 1, Part 1 and

Part 2 during the Form II year. Or, you may wish to use the
texts in the order in which they are presented at the Compre-
hensive High School: Algebra 1, Part 1, followed by Geometry 1,

Part 1 during most of the Form I year, and then Algebra 1,
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Part 2 and Geonmetry 1, Part 2 at the end of Form I and during
the begimning of the Form II year.

"he present plan at the Comprehensive High School is to
use the new, revised version of Entebbe Mathematics Series,

C-One to C-Four, during the remainder of Form II, and in
Forms IITI, IV and V for those students in the Academic Programme.
We feel that our series of books, in conjunction with the
Entebbe series, offers a modern and complete curriculum of
Secondary School mathematics. This curriculum will prepare the
student for the new School Certificate Examination in mathema-
tics, to be offered by the West African Examinations Council
for the first time in 1967.

Included at the end of each chapter of Algebra 1 and
Geometry 1 are two Revision Tests and one Cumulative Revision

Test. These tests are included not only for revision purposes,
but perhaps more important, to give you the teacher a good idea
of the type of question which you may ask on a test of your
own. There are true-false questions, short answer questions,
sentence completion questions, and matching questions, in
addition to the more traditional type of essay questions, for
you to change, modify and adapt to your own particular needs.
We all agree that testing is an important part of the
learning experience. The included tests will r.ot only help you
to devise different types of your own tests, but they will
also help you to test more frequently. Thus testing will become
not only a method of measuring your students' achievement, but

it will also become an integral part of their learning
experience.
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Chapter 1
Sets of Points

1-1 Introduction

Thus far in your study of mathemafics, you have been
working with numbers. You have studied ggﬁgtof numbers, such
as the set of natural numbers, and the Set'Of'whole numbers.
You have studied some basic propertles 0f these sets of numbers.
You have also learned about a variable. You ‘uged the properties
of numbers to help you find truth sets of sentences which
contained a variable. All of these ideas which you have studied
thus far are in that branch of mathematics called algebra.
» We shall now begin a study of another branch of mathe-
maticg called geometry. l

We said that algebra is primarily concerned with numbers,
and sets of numbers. Geometry is primarily concerned with

points, :and sets of points.

1-2 What is a Point ?

When you started your work in algebra, you first learned
about a number. You learned that the idea of a number is one
of the basic concepts of algetra. We then developed other ideas
from the concept of number.

A basic concept in geometry is that of a peint. We ghall
use the concept of point to build other ideas in geometry.

Here is a picture of a point A: 7
A

(1)

In figure (1), we represented the point A by a dot

on this paper. However, the dot in figure (1) 1is not the




point A. We think of a point as being in a certain place.
We say that a point has position, but no size. The dot in
figure (1) helps us to think of the position of point A.
Notice that in figure (1), we named the point "A".
We can use any letter of the alphabet to name a point. We shall
use only capital letters for the names of points.
Here is a picture of two points B and C:

. B

(2)

In figure (2), we named one point "B", and the
other point "(Cv.

What is different about the two points B and C
in figure (2) ? You notice that the point B is in a
different position from point C.

Two points B and C are different points if they
occupy different positions. |

(1) We represent a point A by a dot. The
dot helps us to think about the
position of the point A.

(2) two points A and B are different
pointg if they occupy different

positions.

Exercises 1-2

1. In your notebook, make a picture of three different points,
label them A, B, and C.

a. Why are the points A, B, and C different from each other?




2. Make a picture of five different points, and 1abel them
D, E, ', G and H.
a. Why are the points D, B, P, G and H different from
each other ?
b. Why are the points D, E, P, G and H different from
the points A, B and C in Exercise 1 above ?

1l-3%3 What is a Iine ?

Here is a picture of a line AB:

(1)

Notice that figure (1) is a straight line through

two points A and B. Also notice the arrowheads on the line AB
in figure (1). These arrowheads tell us that the line AB goes
on infinitely in both directions. Thus, a line has no endpoint.

When we speak of a line which contains points A and B,
we say " line AB ". Let us agree to write " B " for
" line AB ". Hence, " AB " means " the set of all points on ]
the line which contains points A and B *.

Using set notation, we may write this in the following ;

way: _ ;

«3 - {All points on the line which‘%
contains points A and B

Notice that the symbol " “= w is an arrow in both

directions. This symbol reminds us that the line AB goes on




infinitely in both directions. Also notice that we may write
either " line AB " or " Kﬁ " . We shall not write " line Kﬁ ",
Also, we shall not write simply " AB "

Since both points A and B are on 1line AB, we could
also speak of " line BA " . What can you say about B and ﬁﬁ ?

We know that a line is an infinite set of points. We also
know that two sets are equal when they contain the same elements.
Tiow:

~
{

2 - (all points on the line which
icontains points B and A § .

Since the two sets Kﬁ and ﬁK contain the same

points, we may write:
PAE S SN
AB = BA .
If we wish to draw two lines in the same picture, we must
use different letters because the lines contain different

points.
For example, here is a picture of two lines:

(2)
We can easily see that in figure (2), D is different ;
from EF . We may write: )
2, :
CD # EF . s

We know that CD and %F extend infinitely in both
directions. Let us extend the two lines in figure (2) so that

©
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they cross or intersect each other at a point P, as in this
picture:

The point P is a member of the set of points ﬁf .
The point P 1is also a member of the set of points ﬁﬁ .

Recall that for any two sets Q and R, Q intersection
R 1is the set of all elements in both Q and R. We write

"QMAR" for " Q intersection R " .
Now 6ﬁ and ﬁﬁ are sets of points. In figure (3),
point of intersection of D and &P .1

the point P is the
Hence we may write:

ﬁnﬁ=py

Notice that we wrote PK , using set brackets. Since
CD is a set, and ﬁ? is a set, then the intersection of two

"gets is a set.

; £
Now look at, this picture of G0 and HJ :

LN
Because we used the same letter H in both GH and HJ ,




the point H must be on both lines. H is the pcint of
~ intersection of G and 13 . we may write:

[T ST IR B R BT P RT Y

@END = {n} )

Let us now study a line in which we have three points

LV TR R

on the line. The picture may look like this:

R T N RN X PTN CON WA T

Notice that in figure (5), the point M is on ff
opposite from K. However, we could have taken the point M
between K and L on ff . We could also have taken the
point M on ?f opposite from TI.

However, in the representation of Kf in figure (5),
L LA L )

XKL, IM, MK, and ML are all names for the same line.

Since XL, IM, MK, and ML are the same set of points

in the representation cf fﬁ in figure (5), we may write:

PARAN

L AN AN FARN
KL =Xil = Tl = MK = ML .




(1Y A picture of a line AB 1looks like

this:
S~
A

B>
(2) The symbol for * line AB " is " 4B » .

J N\

(3) AB extends infinitely in both direc-
tions.
(4) I8 = Sl points on the line which}
| contains points A and B g

(5) If C 1is a third point on ﬁﬁ, then
L L L Ly 4o PR
AB, AC, BC, BA, CA, and CB all name
] the same line.

Exercises 1-3

l. a. Draw one point A in your notebook.

b. Draw a line which contains point A.

C. Draw a second line which contains point A.

d. Draw a third line which contains point A.

e. How many lines can you draw which contain point A ?

2. a. Draw any two points E and F in your notebook.
b. Draw the line which contains both E and F.
¢. Can you draw a second line which also contains E and P 9
d. What is the minimum number of points which you need to
determine exactly one line ?

5. a. Draw any three points G, H and I in your notebook.
Make sure that the three points are 1ot on one straight
line.

b. Draw Eﬁ, ﬁf, and @f .

©
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Ce

d.
e

f.

4, a.

b.
Ce.
d.

e

Is éﬁ'= ﬁ@ ? Do ﬁ@ and @ﬁ contain the same points 2
Is @f another name for IG ?

Mnft-=2; BN =2; @At =2

If only two lines intersect at a point, what is the
maximum number of -points of intersection of three lines 9
Is it possible to have three lines such that no two of
them intersect ? What do you think is the minimum number
of points of intersection of three lines ¢

Draw any four points J, X, L, and M in your notebook.
Make sure that no three of the four points are on a
straight line.

Draw 3ﬁ, 3%} ?f, and fﬁ.

RNE-=-2;nfR=2; BNB=2; WNTK-==-
Do ﬁj and fi' intersect in a point ? Do ﬁf and ﬁf ?
If only two lines intersect at a point, whet is the
meximum number of points of intersection of four lines ©
Is it possible to have four lines such that no two of them
intersect ? What do you think is the minimum number of
points of intersection of four lines ?

5. Given the following picture:




a. FQNMR = 2 i. QN NP = 2
b. RNSW =2 e. BN NES = »

VLR
c. PTITR = ?
a. Make the following drawing in your notebook:

.E oF . >

oD

‘o

b. Draw all lines which contain two of the named points.
c. How many lines have you drawn in part (b) above ?

Give five different names for this line:
R %

A . %

B - :

a. Copy this figure into your notebook.

AN Lz
b. Draw KWNTR =2 ;
c. Draw ﬁ f.'—K'\'\fﬂﬁ=?
PN

d. ‘Write two different names for S .

1l-4 What is a Iine Segment ?

Here is a picture of a line segment AB:

i (1)




10

Notice in figure (1) +that the line segment AB stops
at points A and B. The line segment AB is the set of all
points between A and B, including the points A and B.

Wé call A and B the endpoints of the line segment AB. * 3
Let us agree to write " AB " for " line segment AB " . ?
Hence, AB means " the set of all points on the line between -

A and B, including points A and B." .
Using set notation, we may write:

15 - ( 8ll points on the line between A and B,}
including points A and B )

Notice that " = " has no arrows. This symbol reminds
us that the line sqgment stops at points A and B. Also, if
we write the words . " line segment AB ", then we do not need
to place the " — " over AB. If we write " B ", then we

mean " line segment AB " . We shall not write " line segment AB ".
Also, we shall not write simply " AB " .

In figure (1), the line segment AB and the line segment
BA both contain the same points. Is AB = BA ?

Now consider TD on which E is between C and D,
as in this picture:

D :

(2) ¢ A
: . . . . PN '
In Section 1-3, we said that if C is a poirt on 4AB , ‘
L PR . :
then AC, ﬁﬁ, and BC are names for the same line. Hence, >
Lo L
A8 =80 = &6 .
In figure (2) above, do you think that CE, ED, and TD
contain the same set of points 2 Are TE, ED, and TD names
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for the same line segment ? Is TCE = ED D ? Vhy ?
Recall that for any two sets P and Q, P union Q
is the set of all elements in either P or Q. We write
"PUQ" for " P wuynion Q" . ‘ _
In figure (2), CE and ED are sets of points. -The
union of CE and ED is TD. Do you agree ? We may write:

CEUED=CD .

Here are cther examples using intersection and union of
line segments in figure (2) :

o r—— _25

Ck N ED LE@
TO N ED = EBD
TEU TP = CD

Now congider the two line segments FG and HI, as‘gn
this picture:

I T R T N P T T T e

(3) 1

Can we say that ¥G@ and HI have any poinfs in common
in figure (3) ¢ |
Recall that the empty set # is that set which contains

no elements. Since ¢ and HI in figure (3) do not intersect,
tlen they have no point in common. Hence, we may write:

FeNHET =¢

ERIC
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Now consider two line segments JK and XL, where
K is on both JK and XIL. The picture could look like this:

K
>> :

( (4)

In figure (4), do you agree that JKN KL = gK} ?

~ However, JK U KL # JL, because J, K, and L are not
on the same straight line in figure (4) .

(1) A picture of a line segment AB looks
like this:

7
Ar///////(/,/’ | B

(2) The symbol for " line segment AB "
is nK‘B'n.

LY

(3) AB = (all points between. A and B,
N Zincluding points A and B

‘Exercises 1-4

l, a. Draw any t@b points A and B.
b. Draw AB .
AN
c. Draw AB .
) . — AN —_—
T-° de Is every point on AB also on AB ? Is AB a subget
& RS —_— -
of AB? Is AB(C AB ?
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2. a. Draw any two pcints Q and R.
b. Draw QR .
c. Ilet. S be a point on QR .
d. Is QS another name for OR © Is SR another name for

for QK ?
: L
€. Draw QE .- _
f. Is 0% another name for ®2 1= & another name
for aﬁ ?

5. a. Draw any two points C and D.
b. Draw TD.
c.’ et E be any point on TD .

d. CEUED = ° f. CD (1ED = 2
e. CENED = 2 g. D NTE = °
4. Given the following picture: N
G//y
J
Py

_—
a. NFE =9 - e. FTUTH = °
. TN =2 f. Ut =9
c. FI NFH = ¢ ' g Is FTHUJH = 7J 2
d. FT NFL = 2 h. Is GI UJH = GE ©

5+ Follow the directions and draw %he figure in your notebook:
a. Draw any two points X and T.
b. Draw ﬁf .
C. Draw a point M on one side of iﬁﬁ, and a point N
. . FARN
on the opposite side of X®I, from M.
d. Drew WN . ZIet the point of intersection of N end KT
bc point P.

©
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' e. Is {P{CKL 2 Is {P{C HF °
f. Draw ML, IN, NK, and K .
6. Draw two line segments PQ and RS so that they intersect
at T.
a. Write one name for each line segment in your picture.
b. (PFTNTQ) U RT = ?
c. (RTUST)NQP =2

7. Given the following figure:

D
a. Write one name for each line segment in the figure.
. b B NGH = 2 e. AHU HC = 2
c. FE (1BC = 2 f. FB NDF = ?
i
; d. BDNEC = g. BGUGA = ?

" 1=5 Measure of Iine Segments

You learnmed in viv. rravious Section that a line segment
AB is the set of 211 peints between A and B, including A
aud B.

In this Section, we want to learn about the measure of
a line segment. We want to be able to answer such questions
as: " How long is the line segment AB ?" and " Which one of
two line segments AB and CD is longer ?".

For example, look at these two line segments:

.y

NI AT DT LI
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Which one of the line segments in figure (1)
You would probably say that CD is longer than AB .
Your reason might be:

i3 longer ?
Why < :
" T can see that OD is longer than AB ". ]
Now which one of these two line segments is longer ? 1

s ¥ f
7 f«
|

(2) t |

i

R

You camnot simply look at the two line segments RS and 5
XY and decide which one is longer. You need an instrument to
help you measure each line segment. You can then compare the
two measures. Then you can decide which one of RS and XY
is longer. The instrument you need is a ruler.

Here is a picture of a ruler:

7 / \Y% % :
i;w rlTrz.l I-Itxiilirff'*r =]YT‘?ll2il‘?TlVl!?!i IRRRERREA :
R AR

3 4 5 6 T 8 9 10 11 12 13 14
l J uj uhio l waeles L " J. .-L..*!J..‘L;..!‘.A R IR 1., A u.L L i AL..JL ut !uul; LJ ;

(3)

The top edge of the ruler in figure (3)
inches. Notice that in figure

of an inch. The mark labelled A 1is

labelled 0.

from the mark O.

Notice that the mark labelled O
end of the ruler in figure (3).
The mark C

'R

(3), each inch is divided into
10 equal parts. Each of these equal parts is called one-tenth

is marked in

1,2 inches from the mark
is not at the

The mark B 1is
3.5

2.6 1inches
inches from the mark O.
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If we had a ruler with 12 inches marked on it, then
that ruler would be one foot long. If we had a ruler with 36
inches marked on it, then that ruler would be one yard long.
Each yard contains 3 feet. How many inches does one yard
contain ?

With your ruler, measure line segment RS in figure (2)
to the nearest tenth of an inch. If you measure accurately,
you will find that the length of RS 4is 1.5 dinches.

We write: m RS = 1.5 .

We say: " The measure of the line segment RS is 1.5,
where the unit of measure is one inch ". We also say: " The
line segment RS is 1.5 inches long ".

Notice that m ®S is a number. When we write " m RS ",
we are ‘thinking of a number. The number is asscciated with the
length of the line segment RS. But when we write " RS ", we
are thinking of the line segment RS itself.

Lk

(1) m RS is a number.

(2) RS is.a line .segment.

In figure (2), if you measure XY accurately, using
one inch as a unit of measure, you will £ind that m XY = 1.7 .
Now which one of the two line segments XY and RS 1is
longer ? We can compare the numbers 1.5 and 1.7 .
Is 1.5 >1.7 2 Is 1.5 = 1.7 2 We know that 1.5 < 1.7 .
Since m RS = 1.5, and m XY = 1.7, then m RS <m XY .
Notice that exactly one of the following statements

is true:
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For any two line segments AB and CD,
exactly one of the following is true:

(1) mAB<mCD
(2) mAB =nm

g
S IS

(3) mEB>mCD

Let us again look at the picture of the ruler in figure
(3). The bottom edge of the ruler is marked in centimetres.
Notice the numerals 1, 2, 3%, ...y 15 marked on the bottom edge
of this ruler. Each of these numerals indicates the number of
centimetres frem the point marked P +to that given numeral.
For example, the numeral 6 means that there are 6 centimetres
from P +to the mark at 6. We often write "cm:, " for
"centimetres". Thus, " 6 centimetres " can be written " 6 cm., "

if we had a ruler with 100 centimetres marked on it,
then that ruler would be one metre long. The word centimetre

means one-hundredth of a metre. Therefore, one metre contains

100 centimetres.

Notice that thére are smaller marks between any two
centimetre marks on the ruler in figure (3). Each of these
smaller marks contains one millimetre. Each centimetre contains

10 millimetres. Since one metre contains 100 centimetres, then
one metre contains 100 x 10 = 1000 millimetres. Hence, one
millimetre is one-thousandth of a metre.

In figure (3), the mark labelled D is 3.3 centimetres,
or %3 millimetres,. from the mark labelled P. The mark
labelled E is 10.8 centimetres, or 108 millimetres, from P .

Now measure the line segments RS and XY in figure (2)
again, This time use one centimetre as vour unit of measure, and

measure to the nearest tenth of a centimel:rz. If you measure
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accurately, you will find that m RS = 3.8 and m XY = 4.3 .
We say: " RS is 3.8 centimetres long ", and " XY is 4.3
centimetres long ". We also say: " The measure of line segment
RS is 3.8, where the unit of measure is one centimetre", and
"The measure of line segment XY is 4.3, where the unit of
nezsure is one centimetre ",

Notice again that m RS and m XY are numbers.
Since 3.8 < 4.3, we can conclude that m RS <m XY . Is m RS
less than m XY when we measure in inches 2 Is m RS 1less
less than m XY when we measure in centimetres ? Does changing
the unit of measure change the relationship between m RS and

m XY ?

Exercises 1-5

l. Measure each of the following line segments:
a. to the nearest tenth of an inch.
b. to the nearest millimetre.

i. A B
ii. C ' D
iii. E ~ - F
iv. G —— : —~ H
Ve I ' J

c. Arrange your measures of the line segments above in order,
from the smallest measure to the largest. Use the inequality
symbol.

d. Are your measures in the game order when you measure in
centimetres as when you measure in iaiches ?
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2. Given the following figure. Find the measurements which are
asked for, and then record these measures in your notebook.

A
D
B E C
a. MAD =9 ;mDB =9 ; IS mAD =m DB ?
b. mBE =92 ;mEC =92 ;Is mBE =mGEC?
DE

DE =2 3 m AC = 9 .
d. What do you notice about m DE and m AC in part (c¢)
above 9

C.

3. Given the following figure. Find the measurements which are
asked for, and then record these measures in your notebook.

B : G

I H

=

T
Il
)

a. mFGg =2 3 mI What do you notice about these

two measures 9

b. mnIF =2 ; mGH = 2 ; What do you notice about these
two measures ? ‘
c.mIJ =2 ; mJIG =2 ; What do you notice about these

two measures ?
d. mFJ =2 ; mJH = 2
two measures 9

What do you notice about these

e
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4. Given the following figure. Find the measures which are asked
for, and then reécord these measures in your notebook.

8.

b.

d.

€e

f.

h.

et n oty i e — < - R

R

=23 mPLh=2; I8 X =m T 2 Ismﬂ:(mﬁ)+

XP
mmz?; mmz..?; Is mm=mm?

mMR =?2; mBRN=°?; Is mNR = (m M) =+ 2 2
n¥S=92; mSk =2?; What do you notice about these

two measures ? What do you think is true about m SN and
m KN ?

"
)

mPQ =9 ; mnBERS
two measures @

What ‘do you notice about these

L 4
.

mPS =92 ; mQR = ?
two measures ?

What do you notice about these

m KM = ?2 ; What do you notice about m PQ and m &2 ;
What do you notice about m SR and m KM ?

m IN = 2 ; What do you notice about m PS and m IN ?
What do you notice about m QR and m IN ¢

g
:i
:/;
3
}
1
%}
3
]
;
%
;
3
i

AL B ¢ 2 T P B Lt ML A AT B A D A R
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1-6 What is a Ray ©

Let C be a point on the line AB as shown in this
figure:

(1)

In figure (1), 1let us call the set of all points to
the right of point C a half-line. The set of all points to
the left of point C is another half-line.

The point C separates the line AB into three subsets:

(1) '{all points on the half-line of ﬁ§'§ z
which contains the point B

@ {ol i
(7, {all'points on the half-line of 4B | . g
(which contains the point A K i

Is the point C on sither half-line 2
The union of point C and the half-line of Xﬁ
.containing point B 1is called <ray CB. Here is a picture

of ray CB:
/

C

(2)

Let us agree t> write !

the " — over (CB. This "

for " ray CB " . Notice

=

' reminds us that the ray CB
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beging at point C and extends infinitely through point B.
If we write ﬁﬁ, we would mean the ray begimning at
point B and extending infinitely through point C. BC would

look like this:

B

(3)

Do you think that BC = 0B 2

Now congider a point F on ray DE, as in this picture:

F

D '
(4) . %
In figure (4), the set of points 6f ray DE is the
game as the set of points of ray DF. Hence, TE = 3? . What ;
is DENDF ? What is DE U DF ? ' k
. . — e ) 3
However, in figure (4), 3? # EF, because DF contains

the point D, but TF does not contain thé point D. Do you

. — — . —— —t
agree ? What is DE NEF 2 What is DE U EF ?
Consider two different rays, TR and JX, as in this

picture:

4 oA e A Y e sy e
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) Since G, H, J, and X are four.different points in
figure (5), then- Gﬁ and TX are different rays.
Now let the endpoint of two rays be the same point. For
example, let two rays be IM and IN, where I is the en'point
of both fﬁ' and TN. The picture could lec¢’ 1like this:

Notice that figure (6) represents the EEEQE of two
rays with a common endpoint. We shall discuss the union of
two rays with a common endpoint in the next Section. In

. . —_— —
figure (6), what is TM ) IN ?

(1) A picture of a ray AB looks like
this:

A
(2) The symbol for " ray AB" is " Kﬁ "o,
(3) T8 is the union of the point A and
the half-line containing point B.

BExercises 1-6

1., Name the three sets into which a point P separates a
line QR .

ERIC

Full Tt Provided by ERIC.

e raw naam &Ll Ln ™ 3 o v
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2, In Exercise (1), the ray PR is the union of

and the - which contains the point R.

3. Given the following figure:

_ A
a. Write four names for thz ray in the figure above.

b. Is Kﬁ=7ﬁ?; Is ﬁ=ﬁ?Why?
c.Is AB=1C 2 ; Is AC=AD? Why ?
d. Is ABC AC 2?2 ; Is AB 62 Why ?

e. Is ACC Bb 2 ; 1Is W 52 why

f. ABBNAC =92 ; ABUAC =2
g. BN =2 ; BUK = *
he NI =2 ;'A—ﬁUﬁ=?
i\, BBNT =2 ; ABNT =2
+wABUB=9?2 ;ABNED="

“, i"iven the following figure:

P

a. U =2 £, QUTR = °
b. WNTP = 2 2. TOUTR = 2
c. WA = h. WU QP = 2
GNP =2 i. {QVUTP = »
e. RPUDS = 7 i {QUN T =2
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5. Given the following figure. Use this figure to answer all
parts of this Exercise. Write your answers in your notebook.

KN O TN S

a. Name four rays in the figure above.
b. Write four other names for Kﬁ .

— — S
c. I NEF = ? | h. AU LS = 2
d, TBU D = 2 AN = 2
VN S R
e. AB(}BA = ? j: AGUGE = 2
f. BNT = 2 k. DA NBRE = 2
e. SN =2 1. S UBE = 2 |
6. Given the following figure:
‘ ;
B/ _ JC » N :
a, BC NTC = 2 f. GO UTD = 2
bO.A.BﬂAB=? g.AEﬂAD:? 3
a— —, e P :
c. DFUFC = 2 h. BB(1FG = 2 3
o ' o %
d. TF 1 FD = ? i. FH 1GC = 2
e. TGUGE = 2 5. TEUGE = 2

ERIC

Full Tt Provided by ERIC.
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1-7 What is an Angle ?

Recall from Section 1-6 +that a ray AB is the union
of point A and the half-line containing point B.

TLet us draw two rays AB and AC, where A 1is a common
endpoint, as in this figure:

(1)

Figure (1) is called an angle. An angle %~ ‘the union
of two rays with a common endpoint. When we speak of angle BAC
in figure (1), we shall write Z BAC, or BAC . The symbols
w/ n gnd " pean " angle " . We read " /L. BAC " as
" angle BAG " . Another name for / BAC is Z_.CAB .

Since angle BAC 1is the union of two rays AB and AC,

we may write:
. "N

B U ¢ = L BAC .

The point A 1is called the vertex of / BAC . When
we write Z_BAC, we write the letter A associated with the

vertex point between the two letters B and C. The rays AB
and AC are called the sides of /_ BAC.
Look at the following picture:

-
R T Tl R L N Lo P T e T L T A T PRSP HE A s S TP
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In figure (2),  there is only one angle. However, there
are many names for that angle. For example, some names for the
angle in figure (2) are: L CEG, [/ FEC, [ DEG, and [/ FED .
Notice again that the vertex voint E is between the other
two points in each name for the angle in figure (2) .

Since an angle is a set of points, and since the set of
points in figure (2) is one angle, then we can write:

L CEG = Z_ FEC = L. DEG = /_FED .

Look at this picture of a line JK with any point I
on iﬁ between J and K:

L

K
(3)

We may think of figure (3) as an angle. T is a ray,
and iﬁ is a ray. Point I 1is the common endpoint. Hence,

—_— — /
L U LK = L. JIX

[ _JIK in figure (3) is a special angle. Since
/_JIK forms a straight line, we call /. JIK a straight
angle. The rays ILJ and IK are in opposite directions on
the line JXK.




(1) Angle ABC is the union of the two
rays BA and BC with the common
endpoint B.

(2) "/ ABC ™" and " KBC " mean ¥
" angle AB3C " ,

(3) BA U BC = £ ARC .

(4) The common endpoint B of +the rays %
BA and BC is called the vertex 3
of /_ABC. g

Exercises 1-7

l. a. Draw a ray AB.
b. Draw another ray AC.

— — 3

c. U KT = ¢ :
—_— et i

2. Given the following figure:‘//,/2f :

a. Write eight different names for the angle in the figure.
b. Is L. DFG = £L_EFH ? ; Is L EFG =/ HFD ?

2. Given the following picture:




4.

5e

6.

Te

Aruitoxt provided by Eic:

Rric

- —
- p—

. P AN b
co Is JKL = fXN 2 ; 1Is IRM = JKL ¢
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as How many different angles are there in the figure 2
b. Write two names for each of thgse different angles.

Given the following figure:

A
¢ ;
B D
S —
A ¥ E

2. How many different angles are there in the figure ?
b. Write one name for each of these different angles.

c. FAUTE =2 ; TOUTD = ©

a. Draw a ray OP.

b. Rotate OP about point O one-fourth of a complete
rotation. Iabel the final position 0Q.

c. Write two different names for the angle so formed.

Stand facing the direction of the north.

a. Which airection will you be facing if you make a quarter
of a complete turm to the rignt ? half of a complete
turn to the right ? three-quarters of a complete turn
to the right ? one complete turn to the right ?

Draw pictures of angles to illustrate your answers in
Exercise (6) =2above . How do you think that you can draw
an angle which represents three-fourths of a complete turn
to the right ? one complete turn to the right ?
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8. Copy the following picture in your notebook. Then answer
the questions asked.

d. Name two angles which have Y as a vertex.
e. Name two rays contained in TS\ .
f. Give two different names for ﬁ .

e o AN
g. RUTS = 2 k. WT U 7T = ©
— o VRN
he W2 UZT = 2 1. WM WE = 2
i. ZTWNTT = 2 m. IS U X = ©
L\ LN, < —_—
j. MNEY = 2 n, 7 NTX = ?

9. Follow the directions and draw the figure in your notevook.
a. Draw any two points A and B.
b. Draw ﬁ .
c. Measure AB and record m AB in your notebook.
d. Draw a point C so that C is not on Kﬁ, and let
m AC be equal to m AB .
e. Draw .73:5 .
f. Name the figure which you have drawn.
g. Diraw BC .
he et D be a point on BC so that m CD = m BD .
i. Draw ?ﬁ)‘ .
j. What do you think XD does to Z_ BAC ?
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1-8 Measure of Angles

In Section 1i-5, you learned how to measure a line
segment AB with a ruler. You learned that with a line segment
AB, there is associated z number. We call that numbexr the
measure of AB. We write " m AB " to mean " the measure of AB ",

~You also learned that we can compare the lengths of two line 1
segments AB and CD by comparing their measures.

In this Section, we wish to measure angles. We shall
answer such questions &s: " What is the measure of an angle
ABC 2 " and " Which one of the two angles ABC and CDE is
larger ¢ " . '

Look at this picture of two angles ABC and DEF:

/
D
A
B C e E ‘ F 7
(1)

We would like to decide which angle in figure (1) is
larger. How can we compare these angles ?

Tet us consider the amount of rotation of the ray BA
from the ray BC in Z. ABC, and the amount of rotation of the
ray ED from the ray EF in / DEF, as in this picture:

a4

(2)
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In figure (2), the amount of turning from B to Eﬁ
in [ DEF looks greater than the amount of turning from BC 3
to BA in /_ABC. Do you agree ? We think that Z DEF is §
greater than / ABC in figure (2).
Now look at this picture of two angles:
7

B

A % P o o U

\' : : 8
C D 7 (3) F o
In figure (3), +he amount of rotation from CD +to CB
in / BCD 1looks almost the same as the amount of rotation from
F@ to Fﬁ in /_EFG. We can no longer decide which angle is greater
by simply looking at the amount of turning of the rays. We need
an instrument to help us measure the amount of rotation. The

A4

Larer

instrument we need is called a protractor.

P T T T S W TV Lo LT 1

Here is a picture of a protractor:

K
3
3
o
3
E
E
3
P
%
‘§
]
s
4
?
L
1,
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A protractor is usually divided into degrees. A degree
is a unit of angle measure. There are 180 degrees in the
straight angle BAG in figure (4). Hence, one degree is

(1 + 180) of a straight angle.

Notice in figure (4) that the numerals on the outer
gcale begin with O on ray AB, then increase through
10, 20, %0, ..., to 180. Each of these numerals represents the
number of degrees of rotation from IB. For example, the number
of degrees of rotation from B to K6 is 43.

However, the numerals on the inner scale in figure (4)
begin with O on ray AG, then increase through 10, 20, %30,...,
to 180. Each of these numerals represents the number of degrees

of rotation from AG. For example, the number of degrees of
rotation from AG to AR is 58

What is the measure of Z_GAF in figure (4) ?
We write: m /Z GAF = 36. We say: " The measure of L GAF is-.-
56, where the unit of measure is one degree ". We also say:
" The angle GAF 1is 36 degrees ". We may write "3%6 degrees":

as " 360" , The ".o " above 36 is a symbol for " degree ".

When we write " m / GAF ", we are thinking of a number.
When we write " L.GAF ", we are thinking of a set of points.

PRI RReY

Moo any w le  XY7Z,
(1) m £XY% is a awsber.

(2) [L.X¥% is & s of points.

" (3) One degree is a unit of angle
measure.

Wl e Lol Y R S A AL NI o e AP hat LA T Ty P e

.
e e T TR P T R R U TN TS PR TR A s TS LL
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Now what is the measure of /. BAF in figure (4) %
The measure of / BAF is the amount of rotation from Kﬁ to Kf .
Hence, we shall read the numeral on the outer scale.

We write: m /. BAF = 144 .

. We say: "The measure of L BAF is 144, where the unit
of measure is one degree " . We also say: " /_BAF contains
144 degrees " .,

From figure (4), we may read the following measures

of angles:
m {_BAC = 43 m / GAC = 137
m Z.BAD = 90 m £ GAD = 90
m {_BAE = 122 m [ GAE = 58

We are now ready to compare the measures of Z_BCD and
L EFG in figure (3). By measuring the two angles accurately
with your protractor, and by measuriﬁg to the nearest degree,
you will find that m Z.BCD = 40, and n Z EFG = 43.
Since 40<(43, then m E0D < m FFG .

‘ Notice that for any two angles CDE and FGH,
exactly one of the following statements is true:

(1) m éﬁﬁ <m ﬁ@h
(2) m CDE = m FGH

AN
(3) m 6DE> m FGH

ERIC

Aruitoxt provided by Eic:
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For any two angles XYZ and XIW, |
exactly one of the following is trues

(1) n Xv7 <m KT
S N
(2) m XYZ = m KIM

i N
(3) m XYZ > m KIM

' Look at this picture of Z_ ABC:

4

T

B (5)
Let us agree that the amount of rotation from TB% to ﬁ
is the same as the amount of rotation from BA to BC in
figure (5). Hence, associated with angle ABC is one
number: m ./, ABC.

Here are pictures of angles with a protractor placed in
a correct position to measure themn:

A
G

(6) ' :

ERIC
J\I e
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Can the protractor in each picture in figure (6) Dbe
placed in another correct position to measure each angle %

Exercises 1-8

1. Measure each of the following angles to the nearest degree,

and record your measures in your notebook.

—
V4

N

2, 1n figure (6), measure each angle two ways by placing the
protractor in two different correct positions. Record both
measures for each angle in your notebook.

3. Given the following figure:
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a. m/PQR =92 ; n/l RQP = ?
b. Is m £PQR = m Z.RQP ?

c. Is Z_PQR = L RQP ?

de Is m L PQPT = m £ SQR °

e. Is LRQS = £ QT ©

Given the following figure: ,//5///)"

a. u L DEG = ? d, Is m DEP < m DEG 2 Why 2
N "N

b. m L DEF = e. Is m FEG >m DEF 2 Why ?
N N

c. m L FEG = 2 f. Is m DEG >m FEG ? Why ?

N S S
g« Is (m DEF) + (m FEt: = m DEGF ¢ Why 9

Given the following figure:

d. Add the three‘ﬁeasures in parts (a), (b), and {c) above,
What is the sum of these measures 9
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6. Given the following figure:

N

7

e &1 LA%s S XG

a. m/_DEF = ? s m/Z DGF = 2 ; What do you notice about 3
these two measures ? ) ’ %
b. m /L GDE =92 ; mZGFE =2 ; What do you notice about %

these two measures %

c.m{TEH =2 ; mlFGHE =? ; What do you notice about
these two measures ?

do mn L. FED = ; m/ GFE = 2 ; What is the sum of these
two measures ?

e. m L GHD = ? ; m‘L_GHE = ? 3 What do you notice about
these two measures ? ; What is the sum of these two

measures ? /N
1-9 Types of Angles
Measure the angle ABC in this picture: o]
]
‘ [
< A . B
(1)

If you measure accurately, you will find that n Kﬁb = 90 .

ERIC

Full Tt Provided by ERIC.
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An angle whose measure is 90 1is given a special
names a right angle. Thus, ABC in figure (1) is a right
angle. Notice the symbol "_[j " at the vertex B. This
symbol is used only when we refer to a right angle. Here are
other pictures of right angles:

, </ ﬁk\\\\\\\\\¥\
M/;///// L]
B \\//\-‘/

(2)

Now measure the angle BCD in this picture:

C
(3) D

If you measure accurately, you will find that
m Z_BCD = 180. We have already given a name to an angle such
as angle BCD in Section 1-7. We called £ BCD a straight
angle. Hence, the measure of a straight angle is 180.
Took at this picture of angle DEF:

D

PO
(4)

We have agreed that the measure of /_DEF is the amount
of rotation from ED to ﬁ@, or from EF to ED. Associated
with Z_DEF is one number: m /_ DEF. That number is between

FA AN ah T A

A La WA AR WD LA PR PP )
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O and 180 inclusgive. That is,

0K mw IrF < 180 .

Heever, we occasionally wish to speak of an angle
whose measure is between 180 and 360.. For examvle, the
measure of the angle whose rotation is three-fourths of a

complete turi is 270. TIet us agree to mark the picture of

that angle as follows: <E§\\&

J
NS,

o)
v

The symbol "(/—\\,, in figure (5) tells us that the
amount of rotation of Z.GHJ is between 180 and %60,

In this book, when we refer to the picture of an angle

which has no symbol K\j}'" marked, we shall always mean that
engle whose measure is less than or equal to 180.




c
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Now look at these pictures of angles:

/A
F
A I
C_. gD \ LI
B 7 7 H 4
Acute / ABC Right / DEF /' Obtuse / IHG

Straight / JKL Reflex /_ MNP

(6)

Angle ABC in figure (6) is called an acute angle. An
angle is called acute if its measure is less than 90. We may
write:

S
0L m ABC < 90

Notice that the amount of rotation in an acute angle is
less than one-quarter of a complete rotation.

You have already learned that . FED in figure (6) is
called a right angle. An angle is called right if its measure
is 90. We may write:

N
m FED = 90

Notice that the amount of rotation in a right angle is
exactly .one-quarter of a complete rotation.

Angle THG in figure (6) is called an obtuse angle.
An angle is called obtuse if its measure is between 90 and
180. We may write:

N
90 < m IHG < 180
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Notice that the amount of rotatien in an obtuse angle
is between one-fourth and one-half of a complete rotation.

You have learned that £ JKI .in figure (6) is called
a straight angle. An angle is called a straight angle if its
measure is 180. We may write:

A~
m JKL, = 180

Notice that the amount of rofation in a straight angle
is exactly one-half of a complete rotation.

rm ﬂﬁ? is called the reflex measure of angle WNP. The
reflex measure of an angle is a number between 180 and 360.
We call an angle whose reflex measure is between 180 and 360
a reflex angle. Thus, L MNP in figure (6) is calied a reflex

angl :. We may write: ;
N :

180 < rm MNP < 360 j

Notice that we write " rm " for the reflex measure of é

an angle.

Also notice that the amount of rotation in a reflex
angle is between one-halif and one complete rotation.

¢« Y

Remember that we must meke a special symbol <// if we

wish to refer to a reflex angle in a figure.

" By looking at an angle, you can easily see if it is
acute or obtuse. This should help you to read your protractor
correctly. If the angle is =2cute, vou should read the numeral
which is less than 90 If the angle is obtuse, you should
read the numcral whicu s greater than 90.

How would vo :u.hsure:* h you . rotractor a reflex
~aele 20 Con yeuw oo osure the corresyonding angle whose measure
dovoases thea 180, uwt then subtract that measvre of the

< responding angle from 360 ?
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!4 For example, measure the following reflex angle:

—

N
R
1)

The measure of the corresponding acute angle PQR in

figure (7) is: J
P

m PQR = 48

Hence, the reflex measure of angle PQR in figure (7) is:
rm PQR = 360 - 48
= %12

An angle XYZ is:
(1) an acute angle if 0L m X¥7 < 90
(2) a right angle if m X¥% = 90

(3) an obtuse angle if 90< m XY7 < 180
N
(4) a straight angle if m XYZ = 180
N
(5) a reflex angle if 180 < rm XYZ < 360

Ch K s i
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Exercises 1-9

l. a. Measure each of the following angles, and record these
measures in your notebook.

b. State whether each angle is an acute, right, obtuse,
straight, or reflex angle.

i,

<-
<

2. Given the following figure:

< e

A B C
a. m£L.DBC = ? ; /L DBC is called an _angle.

N
7

b. m ZABD = ? ; /_ ABD is called an angle.

ce mZ ABC = ? 3 /_ ABC is called 2 _ angle.

d. (m ABD) + (m DBC) = ¢

R N I T R Ry
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5. Draw two different pictures of each of the following:

a. an acute angle. d. a straight angle.
b. a right angle. e. a reflex angle,
Cc. on obtuse angle. N
4. Given the following figure:
A
>
/
pd G~ N
\F G 7
L B
D
%

a. Write one name for each acuic angle in the figure.

b. Measure each of the acute angles in part (a) above, and
record these measures in your notebook.

¢. What do you notice about m / AGB and m / EGD ?
d. Write one name for each right angle in the figure.
. P N S a
e. What do you notice about m AGC, m AGF, m FGD, and m DGC ?
f. Write one name for each obtuse angle in the figure.

g. Measure each of the obtuse angles in part (f) above,
and record these measures in your notebook.

h. What do you notice about m Z_ AGE and m Z BGD ?

i. Write one name for each straight angle in the figure.
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5. Given the following figure:

A9
P
5
%
k.
3
]
i
.'1
;
1
]
5
3
k.
k
3
L 3
¥
d
1
4
o
]
o}
d
?
5
]
E
“
;

N\

a. Write one name foi: each acute angle in the figure.

RO LT TR

. AT OER Y

b. Measure each of the acute angles in part (a) above, and
record these measures in your notebook.

c. Is m /. BAC =m/ DAE ? 3 Is m/Z IBH =m / ABC 9
Is n /. GCF =m Z_BCA 2

N N ~
d. (m BAC) + (m ACB) + (m ABC) = 2
e. Write one name for each obtuse angle in the figure.

f. Measure each obtuse angle in part (e) above, and record
these measures in your notebook.

PN o AN
8. Is rm ACF = (m BAC) + (m ABC) ?
PN PN PN
h. What do you notice about rm EAC and (m ABC) + (m BCA) ¢ }
P N ;,
i. What do you notice about rm IBA and (m BAC) + (m AEE) ? 1

ERlp‘ ;

Aruitoxt provided by Eic:
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Given the following figure:

ae m/_EIG = 2 3 [L_EIG is called an angle.
b. m L HIF = 2 3 Z HIF is called an angle.
c. What do you notice about the measures of /. EIG and / HIF 9
d. rm ﬁfﬁ = ? 3 ﬁfﬁ is called a angle.
€. I'mM éfF = ? éf? is called a angle.

f. What do you notice about the reflex measures of Z_EIH aud
L GIF ?

Copy and complete the following sentences in your notebook.

a. A ray is the union of a and its .
b. An angle is the of two with a common
Cc. The measure of a right angle is .
d. An acute angle has its measure _ than 90 but
to 0.
e. For any ray AB, m / BAB = .
f. An obtuse angle has its measure than
but less than .

g. The measure of a reflex angle is between and

h. A ruler is to a line segment as a ___ is to an angle.

i. A rotation of five-eighths of a complete turn would
measure degrees.
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8. A compass is used to indicate direction. Here is a picture

9.

of a face of a compass:

In a clockwise direction, " NE from N " has a degree measure
of 45. Find the degree measure of each of the following,
where the rotation is clockwise:

a. B from NE f. NE from S
b. NW from S g. W from N
c. SE from N h. E from N
. de SW from N i. NW from S
e. SE from S je N from S

Direction or bearing is often given as the number of degrees
east or west from the north or from the south. For example,

N 56° E means: "From the north, 56 degrees to the east", and
S 25° W means: "From the south, 23 degrees to the west".
Draw an angle which represents each of the following bearings:

a. N 48° E g. N 1540 E
b. N 850 E h. 5 720 W
c. N 1230 W i. 5 156° E
d. S 17° E Jo N 59° W
e, S 115° W k. S 1580 W
f. N 75° W l. S 119° E
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1-10 Perpendicular and Parallel Lines

Look at the following picture:
A

C

N

D

v

In figure (1), EB and TD intersect at point E
to form four aingles: /L CEB, /. CEA, /_BED, and /_DEA. Notice

the symbel "5 " at / CEB. We know that this symbol means

that L CEB is a right angle. /_ AEB is a straight angle. What
is the measure of / CEA ? Why 2

We say tuat the lines AB and CD are perpendicular
to each other at the point E. The lines AB and (D are
perpendicular to each other because they intersect at s right

angle. We write: _
dm, e,
L6,

The symbol "__,I__ " means " is perpendicular to " .

Since ABC ﬁ, and CDC J(ﬁ)\, then we can also say

that 'A_E_I_C—D Do you agree ?




Now look at this picture:

~
A VS "_‘:sr P Y R T UTLION . G 1 TP T e

B
PN >
A e I |4 B
< ) [ H | J 1] N
(33
A 4

In figure (2), B is draﬁh perpendicular to ﬁf,
and 6ﬁ' is drawn perpendicular to ﬁf.

If you measure the length of GH, using one inch as your
unit of measure, you wiil find that m GH = 1.2 , Also, if
you measure 1J, you will find that -m I = 1.2 . .
Hence, m GH =m IJ . If we draw a perpendicular from point ¢
to Xﬁ, meeting Xﬁ 26 ¥, and find its measure, do you
think that m CK = 1.2 ? Do you think that if any line segment
XY is drawn perpendicular to 4B and ‘6ﬁ, then m XY = 1.2 ¢
Do you think that the lines 4B and D will ever intersect ?

Two lines which never intersect are called parallel lines.
Thus ﬁﬁ and 6% are parallel lines. We write:

(|8 .

The symbol " l{ " means " is parallel to " .,

We lmow that a line is a set of points. The two parallel
lines AB and CD in figure (2) do not intersect in any
point. Hence, we can write:

Bntd=¢
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Since Kﬁ(:’ﬁi, and Tﬁc:'éﬁ, then we con also say

AB ” CD . Do you agree ?

Exercises 1-10

1. Follow the directions and draw the figure in your notebook.

Q.
b.
C.
d.
€.
f.
8.
h.

i,

k.

Draw a line Pq.

Let R be a point on fﬁ

Draw a line RS so that m.L_QR = 9

What can you say about RS and ?6 ?

Draw a line ST so that m Z TSR = g
R VAR Los

What is true about ST and SR 9

With ycur protractor, draw TV .. RQ . V is on PQ.

mSR=2?2; mT =9 ; What do you notice about these

TWO measures ?

Do you thlnk that any line segment with endpoints on

ST and PQ perpendicular to PQ will have its measure

equal to m SR ?

What conclus1on can you state about ST and PQ ?

5T N 159 = 0

2. Given the following figure in which 4B H D .

\

N
L
A\\4

PR Y TS PPN JreRe (L
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a. M/ EGB =9 ; m/ GHD = © 3 What do you notice about
these two measures ? ;

b. m /_HGB = ¢ ;s mZ GHC = 9 ; What do yournotice about ‘4
these two measures ? :

c..mLAGH':?; mLCHG:?; (mjx/(}\H)+(m(}/I{\G)=?; .3

What do you notice about the sum of these two measures ?

d. m L.EGB = 2 ; m/ AGE = © 3 What do you notice about
the sum of these two measures %

e.m/ CHF =2 ; mABGE =2 ; What do you notice about
these two measures ¢

A
5. Given the following figure:
B M C
a. m AB = 2 ; m AC = 2 3 What do you notice about these
two measures ?
b. mBM=2; mMC =2; Wit do you notice about these

two measures 2

c.m/Z AMB =? ; m/Z AMC = © 3 What do you notice about
these two measures ?

d. What conclusion can you state about ZW and BC 2
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4. Given the following figure:

Qe

A B

°

m/ DAB =9 ; m/ ADC = ? 3 What conclusion can you
state about BA and about CD and 4D ?

=
Y]

mAD = 2?2 ; m B

? What conclusion can you state
about AB and CD ?

“w<

mAB =92 5 m DC = ¢
about AD aud BC ?

0o

What conclusion can you state

mAC =% ;: mDB =9

two measures ?

What do you notice about these

0o «

m/DEA =92 3 mZ_DEC = ?2 3 What do you notice about

these two measures @

What conclusion can you state about AC and DB ?

b -
b -




P
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5. Given the following figure:
A B

v b et B i D Ly AT P T P

D . ~ C
Answer parts (a) - (f) of Exercise 4 above, using this
figure.

oA hatd g T N

6. Given the following figure in which P4 || 58 ama 75 || % .

P _ Q

a. m PQ = ? ; m SR = ?; What do you notice about these two
. measures ?

b. mPS =92 ; mQR = 2 ; What do you notice about these
two measures ?

c. What do you notice about the four measures in parts (a)
and (b) above ?
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d. m Z_RPQ = ? 3 m Z PRS
these two measures ?

? 3 What do you notice about

0
+J

e.m /PSR =92 ;3 m/Z PQR
these two measures ?

s What do you notice about

f.m/ZSPQ =9 3; m/Z RSP = ? ; What do you notice about
the sum of these two measures ?

g. m/. STP =2 3 m/ STR = 2 3 What do you notice about
these two measures ?

h. What conclusion can you state about PR and $Q ¢

i.mPT =92 ; mTR = ?2 3 What do you notice about these
two measures ?

jom ST = 2 ; mTQ
two measures ¢

? 3 What do you notice about these

7. Given the following figure in which f@'” SR, and f§1l QR .
Q

: —

L N

S ' R

Answer parts (a) - (j) of Exercise 6 above, using this
figure.
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Revision Test # 1

l. Fill in the blaanks to make each sentence true. Show all work
in your notebook.

G rn i sy

a. A point P has no s but it has

b. A line AB 1is a set of points extending

in directions.
c. A ray CB is the of point C and the
containing point B. ;
d. In angle CAB, the point A 1is called the point. 1
e. Through two points A and B, only line AB %

can be drawn. §

f. If two lines PQ and RS intersect at T so that ]
m/{_ RTQ = 90. then PO and B are . %o ‘
each other. _ :

) AN N P AN

g+ If m DEF = 47, and m GHI = 47, then m DEF m GHI . ﬂ
h. If m ABC = 90, then 7Z ABC is called a angle. *?
i. If rm fiM = 227, then KEM is called a angle.,

jo The measure of the angle which represents the rotation ?
of SE from N in a clockwise direction is .

ke If T is a point on PQ, then PT Q.

o . — -\ N
1, If 7T is a point on PQ, +then PQ T,

m. All straight angles have a measure of .

n. A unit of measure for angles is called a .
o~

o. If L ABC is acute, then 0 m ABC 90 .

RIC

IToxt Provided by ERI

E

r

Fulr
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2. Find the set in W whose name is given in J by writing
the correct letter in the space provided. Do your work in
your notehook. Point A 1is between B and C on ﬁ@ .

Jd W
] ' — a—
......1. Line AB ) A.. A.B U A.C
l, 00000020 RaYAB Bo mnm
—
seseseeld. Line segment AB C. BA U AC
| esesssd. angle BAC D. BE N0 :
L :
00000050 Iline Segment A.C Eo A.B \
— :
eeeee6. Ray BC F. BL U0
.00090070 {A\i G'o E !
ceoese8. Iine segment BC H. ﬁK.fﬁghalf—line ACZ
ceeeedds B I. {c} U {nalf-line ©B|
ves..10. Ray CB 7. {4} U {half-line ac}
: ——
K. AB

3. Given the following figure:

A
= A — . .
a. BBUBS = f. DE (1 BC = 2
. o
_ . BBNTEE = 2 2. BONAC = ¢
PARN N,
C. ABNLF(S:‘? L BA_Q-A_:@:"
— ; e —_—
. SCUTD = 2 i. {B] U {half-line BE} = 2
— — 1 =
e« BCYBE = 2 i. BAUBD = 2
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4., Given the follewing figure in which 1B “'56, and AD H BC .

A , — B

o\ ’ ‘ : ..C

a, m /B =?3; mDC = ? ; What do you notice about these
two measures ?

b. mAD =92 ;3 mBC = ? ; What do you notice about these
two measures ? '

c.m/ZDAB =92 ; m/ ADC = ? 3 What do you notice about
the sum of these two measures @

d. m Z_ABC =? ;3 mABCD =92 3 What do you notice about
the sum of these two measures ?

€e Il

el

= 9% ¢ m

; = ? 3 What is true of these two measures ?

5 g
Q

3 f.mDE =92 ; m = ? ;3 What is true of these two measures ?
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RO A I T AT

Revision Test # 2

l. Fill in the blanks to make eack sentence true. Write your
answer in your notebook.

a, Two points B and C are different points because they

occupy ‘ positions. %
b. The points ¢ and D on CD are called . ?
c. Angle CAB 1is <dhe of twn AC and AB.
d. Through one pcint, an number of lines can

be drawn.

e. If two lines PQ and RS never intersect, then ?6

. L
is to RS .
f, If m CD = 3.6, and m EF = 3.8, then m CD m EF .
‘ \ _LA
g. If f5 and ﬁg are parallel, then fa'F}RS = .
A
h. If m OEF = 172, then DEF is called an angle.
i¢ N 36° W means: " }¥rom the y 36 degrees to
the .
jo If T is a point on ?@, then ?% and Tﬁ are the
' line.
= =) Y
ke If T is a point on PQ, then PQ ™ .

l. An obtuse angle has its measure between and

m. A unit of measure for line segment AB 1is one
or ono .

n, If / ABC is acute then O __ m ABC ___ 90

o. If PQ is a ray, then m/Z QPQ = .

ERIC

Full Tt Provided by ERIC.
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PP 2 o T T s p Ca SN 3 7

2. Find the set in X wncse name is given in Y, <then write
the correct letter in the space provided. Do your work in
your notebook. Points R and S are between P and Q,
and R 1is between P and S on PQ .

T drin A Bdra iy S IRIYE Akt ST

Y | X 3‘
seeeseels Iine segment PR A. ?ﬁ ‘

s —

ceeeesls Iine PR E. RS U SQ

00000030 Ray PR Cu 58% U ghalf—line SQ%

eesesed. Ray RS D. PRI RS |
ceeses5. Angle PRS E. PR SQ §
00000060 -S—a Fo ?-:R_ :s
=
ceeandTs {R} ¢. BN i
ceeese8e SQ H. PQ N RQ 3
00000090 ¢ Io E-Q-H-S_Q. ;;
- = E

R T {s‘g J. P URS
VAR ‘
K. PR i

3. Given the following figure:

a. BN =2 f. PTUTR = 2
b, NP = 2 g. PUDE = 2

c. RTNFP = h. Is RPUPS = SR ¢

d. PS5} PT = 2 i. Is QSUSRE=QR ¢

e« PTUTR = 2 Jo S RT =
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4. Given the following figure in which %8B || 3.

A _ B
A (1 P
G I
D 1 ] ] —

H J

a, m AE = 9 s m ED = ? ; What do you notice about these

two measures ¢
b. Is m AE = (m AD) + 2 2 -

c. m BF = 9 s I FC = 2 ; What do you notice about these
two measures ?

de Is m BF = (m BC) -2 ¢

=9 3; mDC = 2

&

e. MEF =9 ; m
f.2x(@mEF) =2 ; (mAB) + (mDC) =2

g. What do you notice in paﬁt (£) above ?

h. n 3G =2 ; mBI = 92 ; What is true of these two measures ?

i. What conclusion can you state about AB and GI ? about
AB and EF ?

jomGH =2 ; mIJ =2 ; What is true of these two measures 2

k. What ccnclusion can you state about GI and HJ ? about
EF and DC ? about AB, EF, and DC ?




5. Given the following figure:

PRIy >
el A AAAI Al s e e L et

A
» é
W :
D E %
9 ]
p |-t .
S i \

_”__X'__>/¥ B : zn
R

a. m AP =? ; mPD = ? ; What do you notice about these
two measures ? ; Is m AP = {m AD) + 2 @9

o

. I3
P
PN, LI AT G L TP R TN R LAy TT i P

b. m AQ = ? ; m QB = ? ; What do you notice about these
two measures ? ; Ism AQ = (m AB) + 2 9

Cem BR = ? ; m RC = ? ; What do you notice about these
two measures ? ; Is mBR = (m BC) ~ 2 9

d. m CS =? ; nSD=9; What do you notice about these
two measures ? ; Is m SC = (m CD) - 2 2

eemTQ =2 ; mSV =2 ; What is true of these two measures ?
f. What can you conclude about BS and TR
ge. M §V—J =% ; m é_f( = ? 3 What is true of these two measures ?

h. What can you conclude about FQ and 3} 2

i.mZ SPQ=2; m/APQR =2 ; What is the sum of these
two measures ?

Jo m PSR = 2 ; m /Z SRQ
two measures ?

k. What do you notice about m/ SPQ and m Z SRQ ? about
m/ PQR and m/ PSR ?

? 3 What is the sum of these




Chapter 2

Plane ®igureg

2-1 What is a Plane 9

of points. When you draw one of these figures in your notebook,

In Chapter 1 you learnt about lines, line segments, rays
and angles. You learnt that these figures are determined by sets

you are drawing it in a plane. The page of your notebook represents }
a part of that plane.
The surface of the blackboard is part of a plane. The top

of your desk is part of a plane. Can you name other surfaces in

your classroom which are parts of planes 9

Notice that a blackboard is only a part of a plane. In
nathematics, a plane has no end and no thickness. Imagine the
blackboard extending infinitely in all directions. The surface
of this infinite blackboard is what we call a plane.

Exercises 2-1

l. Name five different surfaces in your classroom wnich

2.

represent portions of 2 plane.

Given.a point A.

Q.
b.
Co

d.

Is
Is
Is

there one plane which contains point A 9
there a second plane which also contains
there a third plane which also contains

plane? ... a fifth plane? ... a tenth plane?

How many different planes are there which contain A ?

Given a line AB.

a.
b.
Ce.

Is
Is
Is

there one plane which contains I8 2
there a second plane which also contains
there a third plane which also contains

point A ?
A ? a fourth

1B
AB ? a fourth

plane? ... a fifth plane? ... a hundredth plane 9

d. How many different plames are there which contain 4B ?

63
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4. Given three points A, B and C.
a. Is there one plane which contains all three points A,
B and C ?
b. Can you draw a second plane which also contains the three

points A, Band C ?

3
E
d
;
]
|

c. What is the minimum number of points which you need to
determine exactly one plane ?

5. Given four points D, E, F and G.
a. Is there exactly one plane which contains all four points :
D, E, Pand G 9 ;
b. Can there be no plane which contains all four points D, ;
E, Fand G ? %
c. Can there be one plane which contains ail four points 2

d. Can there be two planes which contain all four points ?
three planes ?

L IR A T Al R A L

€. What is the maximum numper of different planes which
contzin any three of the four points D, B, ¥ and G 2

el A2 o N A FLE Y P

2-2 More About Angies

Lock at this picture: ////gr

AP
Y

B -

Exterior

m—

In figure (1), /. ABC separates the plane of this page
into three sets of points:

(1) L. ABC
(2) The interior of /_ ABC
(%) The exterior of Z_ ABC ;

ER&C

Aruitoxt provided by Eic:
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Now look at this picture:

A

B

S
Q
N/ ¢

(2)

In figure (2), notice that BD lies in the interior
of / ABC. The endpoint of BD is the vertex of / ABC. TWe
—. ) —_ _
say that BD 1lies between BA and BC .

In figure (%), RS is between Eﬁ and TV .

_.’:.‘,‘.)_.._.. -._'. SN - KR DRI
k_'.!.-'.. RN R A T T S W T

R

(3)
Notice that the interior of /. TRS has no points in
common with the interior of /L SRV. / TRS is adjacent to

{ SRV in figure (3). Two angles with a common vertex and

a common side are called adjacent angles if their interiors
do not intersect.

Look at this picture:

S s oo R .. N ...

] WL R :; —>

: | (4)

; In figure (4), / YWV is not adjacent to Z_XWZ becszuse
z their interiors intersect. We also say that the angles YWV and

XWZ overlap in figure (4).
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Look at this picture:

..........
------------
................

B

d
D

(5)
In figure (5), / ABD is not adjacent to Z CBD because

their interiors intersect. /. ABD and Z CBD are overlapping

angies.

Adjacent angles have a common vertex,
a common side, and the intersection
of their interiors is the empty set.

In figure (6), line AC intersects 1line DF at
point B

/C/ (6)

[_a and L.b are called vertically opposite angles.
L ¢ and /.4 are called vertically opposite angles.

When two lines intersect, the pairs of opposite angles
thus formed are called vertically opposite angles.

Measure L a and L b. What do you find ? Measure /. c
and Z.d. What do you find ¢

Do you think that vertically opposite angles have the
same measure ?
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When two lines intersect, the opposite
angles thus formed are called vertically

opposite angles.

#
:
;
i
i
H
y
3
1
)
i
k.
¥
3
k
é

If the sum of the measures of two angles is 90, then
those angles are called complementary angles. In figure (7),
[ ABC and / RST are complementary angles. Why ?

~N
A 7
C
/ 35
B
In figure (8), /. SYZ is a right angle.
/N\
)
W
Y (R - }
(8) %

What is the measure of a right angle ? NWotice that
L SYW and / WYZ are adjacent angles which form a right
angle. Are they complementary ¢ VWhy ?

If the sum of the measures of two angles is 180, then
those angles are called supplementery angles. In figure (9),

are /_ABC and/ EFG supplementary ? Why ?
F

ava
N

140

(9)




In figure (10), /. RST is a straight angle.

<
- R

N
T 7 £

(10) :
What is the measure of a straight angle 2 Nptice that

[ RSP and [/ PST are adjacent angles which form a straight
angle. Are L RSP and /. PST supplementary 2 Why ?

 —

(1) Two angles are complementary when the
sum of their measures is 90.

(2) Two angles are supplementary when the
sum of their measures is 180.

B R T I B L e e R T TURPR, X% RO L TIPE LS 3T 24 T ITIT TR I SV Lo AR e ST T L 374

Exercises 2-2

l. Complete the following table by writing the correct number
for the measure of the angle: Write all work in your notebook.

m ABC

lieasure of complement

Measure of supple-
of /_ ABC

ment of /. ABC

Qe
b.
C.
d.

25

53

42
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2, Given P = {150, 560, 780, 1050, 1460} and
Q = {1020, 340, 1650, 1240, 750} .

Pair members of P with members of Q so that the pairs are:
a. supplementary .

b. complementary .

5« a. Draw any angle ABC into your notebook.
b. Draw a ray BD in the interior of /_ ABC.
c. Draw another ray BE in the extsrior of /. ABC.
de Is L DBC in the interior of / ABE ?

e. Draw AE. Does AE intersect BD ? Does AE intersect
m— -
BC %

nmm—— — - -—; — “‘
fo. Draw ED. Does ED intersect BC ? Does ED intersect
— — L . .
BA 2 Is BA in the interior of /_DBE 9

4, Given the following figure:

// \-1\ '

2. Name & pair of udjacent angies in the figure.

b, Name a pair of angles which are not adjacent angies in
the figure.
P - '- P P
Ce If m ABD = 82 and m CBD = 42, then m ABC = .

5. a. Draw a right angle DEW.
b. Draw a ray EG in the interior of /. IEF.
c. What are the angles DIEG and GEF called ?
de What is the sum of the measures of angles IEG and GEF ?
es If m L GEF = 20, then mn Z DEG = ?
f., If m L GEF = 37, then m/Z DAEG = ?
g. If m/ GEF = a , then m { DE¢ = ?
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T et o ™ S et e

6. Given the following figure in which EF and AC are

— | :
lines, and DB__!_(KG at B.

Qe
b
de

€.
f.

g.

N <
D B
530

N

e 1
™~

- H T A P4

.

>

o

w H

Q
N

Without measuring, find m/Z x and m/ y.

. Draw a straight angle XY7.

Draw a ray YW .

. What are the angles XYW and WYZ called ?

What is the sum of the measures of Z XYW and Z WYZ 9
N

If m XYW = 120, then m W¥Z = 2
N\ S

If m XYW =72 , then m WYZ = 2
S PN

If m XYW = a , then m WYZ = 9

8. Given the following figure: P

d.

S

Name a ray between PS and FU .
Name a point in the exterior of / TPU .
What is the intersection of the interior of Z_ RPS and
the interior of /_ TPU ©
What is the intersection of the interior of Z SPU =nd
the interior of /. TPU 9
AN P P
If mRPS = 32, m SPT = 27, and m RPU = 108, then:

e P N
m RPT = 3 mTPU = 5 m SPU =

— —— v —a— tap —— ————
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9. a. If one of two complementary engles has a measure of 43,
tlien the other angle has a measure of .

b. If one of two supplementary angles has a measure of 105,
then the other angle has a measure of .

c. The measure of one of two complementary angles is 21 less
than ‘twice the measure of tie other. Iind the measure of
each angle.

d. The measure of one of two supplementary angles is 20 more

than 3 +times the measure of the other. #ind the measure
of the smaller angle.

e. The measure of the supplement of an acute angle is 3 +times
the measure of the complement. ¥ind the measure of the angle,

2-3 (Closed Plane Figures

Place your pencil on a piece of paper. Now without 1ift-

ing your pencil, draw any figure you like. Your figure might
look like one of these:

) i /ﬂ\’j
(a) \/(b)
[ ‘e
i..—;) ‘
&qz

| _ ' 7 |
L/ (e) (£) (g) (h)
d (1)

Bach of the figuresin (1) ahove is called a curve.
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On nage T1, figures b, 4, e, £ and g are called
simple curves. A simple curve does not intersect itself.

Pigures d, e and g are called gimple closed curves.

A simple closed curve does not intersect itself; a simple closed

curve must return to the starting point.

If you draw a simple closed curve, will your pencil point
ever leave the psper ? Will your pencil point ever cross a part
of the curve already drawn ? Will your pencil point return to

the starting point ?
Here are pictures of more curves which are not simple

closed curves. Why is each curve in figure (2) not a simple
closed curve ?

, ///”\ | ().
Vb P
e

> -
>x<;7éi \‘*{——3 (d)
(a) (v) (07“’) |
0 k)
/ (h)
(£) (8)
(e) (2)

Congider a simple closed curve as in figure (3), and
draw line segments comnecting points on the curve as in

figure (4):

" (4)

BT AT T STIA T

ol e N oy s

;
:
3
k
:
%
}
%
E
g
E
I
]
k-
]
B
$
;
i
P
X
A
Q
4
:
4
b
'i

N Yy

St iLecrran, so
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If all possible segments were drawn in figure (4), the
picture would look like this:

(5)

The figure in (5) 1is called a region. A region is
the mmion of a simple closed curve and its interior. Here are

pictures of some more regions:

(a) (b) (6) (c)

The curve which determines the region is part of the

region. Points which are not in the region are in the exterior

of the region.

Bxercises 2-3

1. State whether each figure is a simple closed curve or not

a simple closed curve: /p
Qe b.//«\\

f

Q
/7.

|

Al tlasr Ao wiFtsdalaaboust]

A s K Folas At

- i’
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2. a. Draw any simple closed curve in your notebook.
b. Take any point A in the interior of your curve.

¢c. Take any point B in the exterior of your curve.
de Draw the line segment AB.
e. Does AB intersect the curve ? What is the intersection:

‘a point ? a line ? a curve ? a plane ?

5« @& Into how many different subsets of a plane does a simple
closed curve separate the plane ¢
‘b. What are these different subsets ?

4. Copy *he following simple closed curve into your notebook:
g
L .
__
.D .B
.Without lifting your pencil point from the paper, and with-
out intersecting the figure, can you draw a curve from:
a. point A +to point B 2
b. point A +to point C ?
c. point C to point D ¢
d. Are points A and B in the interior of the curve ©
e. Where are the points ¢ and D ©

2-4 Polygons

In the last section, you learnt about simple closed
curves. Let us now consider simple closed curves made up of
line segments. A simple closed curve made up of line segments

is called a polygon.
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Here are pictures of some polygons:
A

ﬁ/vertex
W Z F R \ T
\b////gij//f
\ /, S side
vertex

LS \ (a)- (b)
side (1)

O
~’

A polygon is a simple closed curve which is the union

of line segments. For example, in figure (1)

Polygon RST = RS U ST U TR

The line segments of a polygon intersect only at their
endpoints. The line segments are called the sides of the polygon.

The endpoints of the line segments are called the
vertices of the polygon. How many sides does polygon (1a) have?
How many vertices does it have ? What is the relation between

the number of gides and the number of vertices of a polygcn ?
Here are some pictures of curves which are not polygons.
Why is each curve in figure (2) not a polygon ?

: X

; A

R D ‘ /

| Z |
. v ;
: e
; i B g

(2) (b) (e)
(2)
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Look at polygon RSTU:
U

R
(3)

Notice that we name +the polygon by naming the vertices
in order around the polygon.

UTSR is another name for the polygon in figure (3). How-
ever, USTR 1is not a name for the polygon in figure (3). How many
names can you write for the polygon RSTU 92

Notice in figure (3) that:

UR U RS = L URS .
Since there is only one angle with vertex R, we often
write L R for /L URS. What is another name for /.S ? What is
another name tor /_ RUT ¢ '

Exercises 2-4

1. State which figures are polygons, and which are not polygons:

D v
B ¢ U K J D
. W - | Hp
R - " S ’ \ F 3 G
—g * w.D T~ %, |
A P Q B . e
! B =\
XF—~G ( \“ﬁ\\~
B S R ————1D G —H
D E go .b.o C 1. JO

Ty g 4 A SRS ST UPLRT IS TP § (2 DT

D T s G P S P

P TP T T

AT D YA AR ¥




2. Write two different names for each of those figures which
E

are polygons in Exercise (1) above.

3. Which of the following are correct D
names for this polygon ? ‘

ae. DEFG d. FDEG g. EFGD
b. DEGF e. FEDG n. EDGF G
c. GFED f. GEFD i. EFDG

4., Copy each of the following figures into your notebook. Then

answer the questions asked.

.A E A E
B B
.C .D .C .D
a. Draw polygon b. Draw polygon
ABCDE. ACDBE.

5. Copy the following figure into
your notebook. Then answer the
questions asked. ¢
a. Draw curve ADCBEF. Is this

a polygon ? Why %
b. Copy the figure again and draw
AFEDCB. Is this a polygon ? Why ¢ E°

.
;
H
p
!
4
3
B
b
2
3
£
4
2
&
‘
B
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6. A polygonal region is the union of a polygon and its interior.

Here is a picture of a polygonal region:
S T

U
R

Vv
Copy each of these figures into your notebook, and then

Y
%

4
3

answer the questions asked:
A R} f
\T E
>  ° ¥ |
R T i
W
v U B

(3) (4)

a. In figure (1), shade (Region ABCD) [} (Region RST) . Is
the intersection also a polygonai region ? Why ?

b. In figure (2), shade (Region EFGEIJK) (] (Region WXYZ) .
Is the intersection also a polygonal region ? Why @

c. In figure (3), shade (Reglion RSTUV) U (Region WXYZ) .
Is the union also a polygonal region ? Why ?

de In figure (4), shade (Region ABC) U (Region DEF) . Is
the union also a polygonal region ? Why ?

e. In figure (4), is (Region ABC) (| (Region DEF) a
polygonal region ? Why ?
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2~5 Triangles

In Secvion 2-4, you studied sinple closed curves called
polygons. A polygon with exactly three sides is called a

triangle. Here is a picture of a triangle:
B

A Cér/f”’Vertex
(1)

We call the polygon in figure (1) "triangle ABC" or
m /A ABC". Triangle ABC is the union of three segments: b,

Cy, and CA. We write:

/\ ABC = B U BC U Gk

Notice that the segments intersect only at their endpoints.

Points A, B and C are the vertices of /\ ABC.

Segments AB, BC and CA are the sides of A\ ABC.

- The word "triangle" means "three angles" . The three
angles in /\ ABC are [/ BAC, /_ACB, and Z CBA. We can
writes /L. BAC = /. A, L ACB=/_C, and /. CBA = /_ B.

D ABC in figure (1) is a set of points. A BCA 1is
the seme set of points. Hence A BCA is another name for
/\ ABC. There are six names for /N ABC. Can you write all
six names ?
We classify triangles according to the measures of their

angles. On the next page are pictures of triangles classified
according to their angles.
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Acute Triangle Right Triangle :
All angles are acute One right angle Q
I K

e /

G« K /JH P ,‘X >\\ Q %

Obtuse Triangle Equisngular Trisngle 5

Qne obtuse angle All angles have equal ;

(1) measure :

We also classify triangles according to the measures of
their gides. Here are pictures of triangles classified accord-
ing to their sides:

3
{ 7
f 5
3 -«
E by
: 3
.
E: :
3 5 L E
; \ 3
4 o
R O W ;
»]
i for
i
;

Scalene Triangles
No two gidegs have the same measure

(2)

AL DY WL T YO Y X PR T T IRPL

RS




D . \ P ~ G+ A I
Isosceles Triargzle Equilateral Triangle
Two sides have the ' : All sides have the
same measure. - same measure.

' (3)

Every equilateral triangle is also isosceles. Why 2
Notice the mark on DE and EF in A DEF. The marks indicate
that the sides have the same meéSure. Wthat do you think' the
marks on GH, AT, and IG méan ? On L P, /. Q, and /L R of
figure (1) ° M | *

Now look &t this figure: ™

Isosceies Right Triangle

7 (4)
In figure (4), /\ XKIM is an isosceles right triangle

because m Kl =nWL, and L M is a right angle.

When you are asked to draw any triangle, you s_hould
a-aw 3, _s_g‘a__l_e;"_l_*e‘ triangle. Otherwise, you are drawing one of the
special. triangles piciured above.

Aruitoxt provided by Eic:

ERIC
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Measure the angles of each triangle in figures (1), (2),
(3) and (4) =above. Add the measures of the angles of each
triangle. What is the sum of the measures of the angles in each
triangle ? Is the sum of the measures of the angles in each
triangle 180 ? Do you think that the sum of the measures of
the angles of every triangle is 100 ? If you measure very
accurately, you will indeed find that the sum of the measures
of the angles of any triangle is 180.

The sum of the measures of the angles in
any triangle is 180.

Do you think that a triangle can have more than one
right angle ? Can a triangle heve more than one obtuse angle ?

Exercises 2-=5

l. a. InARST, m/ R=60, m/ S =T0. m/ T=2¢2
be In AXYZ, m/l X=2ml Y. m/Y=140. mnl %
c. InAABC, m/ A=m/B=35. nlC=27?

d. In each of the following figures, find x

0
V]

40
xx\
ii.
72
<>
110
67 X/ 1 X X!

ive Ve
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2. a. In your nctebook, draw any triangle ABC.
b. Name +the side oppesite /_ A.

c. Wame the angle opposite side AC.

d. Name the angle opposite side BC -

e. Kame the side opposite L B.

f. How many ang.es does a triaugle have ? How many sides ?

g. On your figure, shade the region of A\ ABC.

L. Are the points A, B and C 3> the inferior of A ABC ?
in the exterior of /A ABC ? on A ABC ?

3. Classify each of the following triangles according to its

sides or angles:

AN

b.

4. Draw the following figure into your notebook from the direc-
tions given, then answer the questions asked:
a. Draw a line segment AB 2.5 1inches lonsg.
b. Draw a ray AQ such that m £ BAQ = 60.
¢. Draw a ray BR such that m / ABR = 60,
d. Label the point of intersection of K@ and TR point C.
e. What kind of triangle is /A ABC ?
f. Check your answer in part (e) by measuring /. ACB and
by measuring BC and AC.
g. What is the sum of the measures of the angles in A ABC 2
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5. Given the following figure:

D

a. mAD =2 3 m DC = 9

b. What kind of triangle is /\ DAC ?
Co.mAB =9 3 m BC = ©

d. What kind of triangle is 2\ ABC ©

e. m AE =? ; w DB =9 :m/ AED = 9

f. What kind of triangle is A\ AED 2

g- What is |region of A ADC{ [} jregion of ADBC{ 2

h. What is {region of AADE! U {region of ADEC} <

6. Draw the following figure into your notebook from the direc-
tions given, then answer the questions asked:
a. Draw a line segment CD 3 inches long.
b. Draw a ray CX such thet m/Z DCX = 60.
c. Draw a ray DY such that m Z CDY = 30.
d. Label the point of intersection of TF and DT point E.
e. What kind of triangle is /A DE® 2

What is this measure ?
g. What is the sum of the measures of the angles in /\ DEF ©

©

ERIC

Aruitoxt provided by Eic:

f. Check your answer in part (e) above by measuring /. CED.

R I ST T L T R T IR

P P PR g TS o A T 4 20 ol IR I T LA T

3
E
k
i
o
?
j
3
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Draw the following figure into your notebook from the given

directions, then answer the questions asked:

a. Draw a line segment PG 2.5 1inches long.

b. Draw ray FP such that m GFP = 7T2.

c. Draw ray GQ such that m 4L FGQ = 72.

d. Tabel the point of intersection of TFP and 'Ea point H.

e. What kind of triangle do you think AGHF is ?

f. Check your answer in part (e) above by measuring FH
and GH. What is true of these measures ¢

g. m/ FHG = ?

h. Add the three measures of the angles of GHF. What is
the sum of these measures ?

Given the following triangle ABC: A

e

5 \ ¢

Answer these questions in your notebook:

a.mAB =9 3 mAC =2 3 mBC = ?

bem/ A=2 3m/B=2 ;mlC=27?

¢c. Which side of A\ ABC has the greatest measure ? Does
the angle opposite that side also have the greatest mea-

sure ?
d. Which angle of /\ ABC has the least measure ? Does the
side opposite that angle ‘also have the least measure ?
e. Draw any scalene /A RST in your notebook. Do parts
a, b, ¢ and d wusing your triangle RST.

3
?
3
o
4
;
i
:
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N

f.

ge

h.

Is your answer to part (d) above the same for A\ RST
ag it was for /\ ABC ?

Try to draw & triangle in which the answer to part (4d)
is different. What do you conclude ?

Do you think that in every triangle, the side opposite
the smallest angle has the least measure ?

Given the following figure:

D

Qe

be.
C.
d.
S
f.
g.
h.

i.

m/ ABC = ? ; m/ BAC = ? What is the sum of these
measures ?

/[ ACF is called an exterior angle of A\ ABC. m /_ ACF = 2
What do you notice about m ACF and (m BAC + m ABC) ?
m/ ACB = ? ; (m BAC + m ACB) = ?

/_ ABD is another exterior angle of A ABC. m/ ABD
What do you notice about m ﬁ]) and (m B/jIC + 10 A/C\B) ?
L BAC is a third exterior angle of /\ ABC. m Z_ EAC
What do you notice about m ﬁc and (n A/L‘ISC + m ijTB) ?

i
9

i
9

Is the measure of an exterior angle of /\ ABC equal to
the sum of the measures of the two opposite interior
angles ?

R TR T L T T L Y AT TV T T

\:@MMMMML.JA 3,

o prenes
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true and sometimes false:

a. An equilateral triangle is also equiangular.

87 j

10. In your notebook, answer ' Always " 1if the sentence is :
always true. Answer " Wever " 1f the sentence is never i
true. Answer " Sometimes " 1if the sentence is sometimes ;

.

il

:

:

:

b. An isosceles triangle is also equilateral.
c. Scalene triangles are obtuse.
d. Acute triangles are isosceles.

P I L PR AT Ty i ™

e. I3osceles triangles are acute.
f. An acute triangle is scalene.
g, Isosceles triangles are obtuse. ;
h. Acute triangles are equiangular.

e Weam il

i. Isosceles triangles are scalene.

j. No acute triangle is a right triangle. :
k. Obtuse triangles are scalene. é
1. A right triangle is an acute triangle. :
m. Obtuse triangles are isosceles.

n. No equilateral triangle is obtuse. 4
0. A scalene triangle is also acute. %

. 2=6 Tine Segments and Triangles

Took at line segment AB in figure (1). Point X
is called the midpoint of BAB because m XB = m XA. TUse
your ruler to check that these measures are equal.

T TR YR TN VY T TP T ™)

Midpoint

d

A X B

m AX = m XB

(1)
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Now look at / RST in figure (2). 3V is said to

bisect / RST because m/ RSV = m /. VST. Use your protractor
to check that these measures are equal.

T

(2)

In figure (3), point P is the midpoint of XZ. The
line segment PY is called a median of triangle XYZ.

(3)

There is another median from vertex 7 +to the midpoint
of XY, and a third median from X +to the midpoint of T7¥.

How many medians does a triangle have ? Do the medians of
A XY7 lie inside the triangle 2
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In triangle ABC of figure (4), BZ is the ‘bisector
of angle B because m /Z CBZ = m <. ZBA.

ed AMD.

IO LAY

Bisector of L B

PR T Fe N U A T L T T I L S i I A T LA 7T 1Y

A < = ~ B
(4) |

Do you think that BZ is also a median of /A ABC ?
Measure AZ and CZ to check your answer.

There is also an angle bisector for Z.C and one for :
/_A. Copy /\ABC into your notebook. Then use your protractor ;
to help you draw the bisectors of angles A and C. Do the

angle bisectors in your figure 1lie inside the triangle ABC ?

R T R o LI A LR A A IS T ]

Now look at figure (5). TK and YL are altitudes
of the triangles.

= TS AME T S M T S WO N A N DRI ¢

Altitude
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An altitude of a triangle is a line segment drawn from
a vertex perpendicular %o the line which contains the opposite

gide. An altitude forms a right angle with the line containing
the side to which it is drawn. |
Notice in figure (5b) +that 7ZW was extended so that
YL _LZW at I.
Will the altitudes in (5a) 1lie inside the triangle ?
Will two altitudes in (5b) 1lie outside the triangle ¢ Can an
altitude of a triangle also be a gide of the triangle ?

Exercises 2-6

l. Given the following figure:

¥

a. m XY = ? ; m X2 = 2 ; What kind of triangle is A XYZ ?
be Is N the midpoint of XY ¢ Is P the midpoint of ZX ?

YP and ZN are called of /A XYZ.
cemlYM=2?;mn/l2M=°?;nWM=2?;nZl=2? X is

called a of AXYz. XM is also an -

of /\XYZ.

d. m YP = ?2 3 m ZN = ? 3 What is true of these measures ?
e. ANZY [} APZY = @

foIs m/Z YXP =m L 2XN 2 3 Is L YXP = [ 7XN ?

g« I8 M/ XYP =m L. XZN ? ; Is [ XYP = L X7N ?

MMLMEM R T L A I T S

L
ke NE, el ik ¥id
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2. Draw the following figure in your notebook from the directions

given, then answer the questions asked:

a. Draw a line segment AB 3 inches long.

b. Draw AP so that m L BAP = 60.

¢c. Draw BQ so that m Z ABQ = 60.

d. Label the point vf intersection of ﬁ and 3?6 point C.

e. What kind of triangle is /O ABC ? Measure /_ACB to check.

f. With your ruler, mark the midpoint of 4B, and call that
point M. Also mark the midpoint N of 3BC, and the
midpoint R of 'AC.

g. Draw AN, BR, and ON. What do you notice about these
three segments ?

he m /_ BAN = 2?2 ; m/_ CAN = ? ; What is auuther name for AN ?
for CM ? for BR ?

i. In what special triangle are the medians and the angle
bisectors the same line segments ?

3, Given the triangle ABC:

A C

a. Copy /\ ABC into your notebook.

be Wlth your ruler, carefully find the mldpo:Lnts of the
three sides of /) ABC, and draw the three medians.

c. What do you notice about the three medians ?

W rd ) Sy g RS Sep wva T s YE

e T
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d. With your protractor, carefully draw the three angle
bisectors of A ABC.
e. What dc you notice about these three angle bisectors ¢

4. Given the triangle DEF:
) B B

S N T - I TS FL . W I I R RIS

D

a. Copy A\ DEF into your notebook, and follow the direc-
tions of 3b to 3e above.

f. Are your answers in 3¢ and 4c¢ the same ?

ge. Are your answers in %e and 4e the same ¢

5. Given the following triangle GHI:




6.

e

p g%

Qe
b.

Ce.
d.

Qe

€
f.

Se

93

Copy &SGHI  into your notebook, and follow the directions
of 3b to 3e above.

Are your answers in 3¢, 4c, and 5c the same ?

Are your answers in 3%e, 4e, and 5e the same ?

Copy DN ABC of Exersise 3 above into your notebook again.
Use your set squares to help you draw the three altitudes
of A ABC.

"What do you notice about the three altitudes ¢

Wheré do the three altitudes intersect ?

Copy A DEF of Exercise 4 above into your notebook again,
and follow the directions of 6b to 64 above. Must
you extend sides FE and DE ?

Are your answers in 6¢ and 7Tc¢ the same 9

Are your answers in 64 and 7d the same ?

Copy'ZSGHI of Exercise 5 above into your notebook again,
and foliow the directions of 6b to 64 above. What

line segments are two of the altitudes ?

Are your amnswers in 6c¢, 7Tc¢, and 8c the same ?

Are your answers in 6d, 7d, and 8d the same 2

TN T T N ST PRI
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2=T More About Parallel Iines

PN 4\ LN
Look at this picture of. AB and CD intersected by EPF :

(1) .

A\
In figure (1), EPFP 4is called a transversal.

Angles c¢ and e, d and £ are called interior angles.

Angles a and g, b and h are called exterior angles.

Angles d and h, a and e, b and £, c¢ and g are called
corresponding angles.

Angles ¢ and £ are called alternate angles. Angles d and e
are also alternate angles.

In figure (2), ﬁ§ and ﬁ% are parallel. ﬁ? is a

transversal. o,
X
a/b ‘

S
7

N




95

Use your protractor to measure all of the angles in
figure (2), and record your measures in your notebook.

mn/ a=2;3;nlb=2; ;nlc=?2;mn/ld=9;mnle=2

e

mLf:?;ng:‘?.
If you measured‘accurately, you should have found that:

m/ a=m/d=m/ e =m/_h

and mlib=mlc=nlf=nlg .

Mngles ¢ and f are alternate interior angles. What

ig true of their measures Is this true of the other pair of

‘)
alternate interior angles @

Angles ¢ and g are corresponding angles. What is

true of their measures ? Angles d and h are also corres-
ponding angles. What is true of mZ. d and mZ h ¢ Is this
also true for the measures of all other pairs of corresponding
angles @

What are two angles called if the sum of their measures
is 1802 (mld+ml f) =9 VWhat are angles d and f
called ? (m4lc +mZ e) =2 What are angles ¢ and e called ?
What is true of two interior angles on the same side of tiLe
transversal ?

When two parallel 1ii 23 are intersected
by a transversal, )

(1) Alternate angles have equal measures.

(2) Corresponding angles have egual measures.

(3) Interior angles on the same side of the

transversal are supplementary.

ERIC

Full Tt Provided by ERIC.
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N
Exercises 2-7
1, Given the following figure:
Name two pairs of: h f 1
a. corresponding angles. g Vo Q
b. alternate interior angles. é\:57‘-~\€>

Cc. interior angles on the sane
side of the transversal.
d. alternate exterior angles. V

5. Given the figure in which WY H 7 and m/ 4 = 110.
Find the measure of all other angles.

. .a}jﬁb
\

e -4

' e NT
S . . ~

T g\\//h 7 4

3. In the figure, ﬁﬁ is not parallel +to 6%.
Is m/Z a=m/b? Why ? Check your answer by measuring

N
< e

W '

<
)

the angles with your protractor.

./ \d
o~ C

{ 4.Mwnmeﬁ@minmmhm§>m
FARN

a. Do you think ﬁﬁ and CD

B
will intersect ¢ Why ?
b. On which side of ﬁ? do
. L £ .
you think AB and CD will —>

intersect ? Why ?

©
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6.

8.

Given the figure in which <&

m3>m?.

a. On which side of ﬁ?

wilil ﬁﬁ and 6% meet ?
Why <

Given L “ m and p ” q .

Without measuring, write as
many pairs of supplementary
angles as you can.

JARN

Given CD_L_EF, and ABll CD .

a. Will EF intersect AB ?
“hy 2
be What can you say about
L
and EF ?

L
AB

Given I, “ m

n an@ P “ q .

a. Copy the figure into your

notebook.

On your figure, mark with

one mark ([&_) those angles

whose measures are the same

as ml a .

¢. Mark with two marks ([%;)
those angles whose measures

m/. b .

b.

are the same as

<
~

A\

b

K A

| 1

L m
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A B

D ~a

Copy the figure into your notebook. Then, without measuring,
mark with: '

EA T4 TR, Y AP 5 T, et

a. one mark all those angles whose measures are the same
as m/l a. %

b. two marks all those angles whose measures are the same
as mZ b,

c. three marks all those angles whose measures are the Same
as m/Z ec.

d. four marks all those angles whoge measures are the same .
as m /. d.

B I N Y T g T g R I T N Y AT W - T, AR TR

10. Given the following figure:

Write :> y» < , 0or = in order to make each of the
following true:

aema___ m3E f.ma ___ _mh
boob___ m? g.nb ___ md
c.mT_ me h.nd__ mn?

d.ma __ _m@T .mC¢ ___ _mE
e.mT__ m*% jom?d _ mn¥
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2=-8 Quadrilaterals

A polygon with exactly four sides is called a quadrila-
teral. Here are pictures of some quadrilaterals:

G F
() B ‘
W 7 :
N (a) M (1)

A quadrilateral with one pair of opposite sides parallel

is called a trapezium. Here are pictures of some trapeziums:

S N AN el TedT s O At o r LT L % w X% S de PThe Fawm ka4 Al

N
D (a) 4 ¢ ‘ ~, 4 3
(b)
E i
/ N > M
®
A N S L §
() ~

(2)
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In ABCD of figure (2a), +think of AD as a transversal
between the parallel sides AB and CD. What should be true
of /LA and /[ D ? Measure the angles to check your amswer.
What should be true of /B and /4. C ? Why ?

In trapezium IMNP of figure (24), m NP = m NT .
IMNP is a special trapezium. IMNP is called an isosceles
trapezium because m NP = m ML .

A quadrilateral with two pairs of parallel sides is

called a parallelogram. Here are pictures of some parallelograms:

\ > \B\ v > i
:D. . > (a) ™ C
o - Y
A N
1 o
v (c) 4 X > .
R (b) S
(3)

In figure (3z), measure 4B, BC, CD, and DA. What
do you notice about m AB and m DC ? About m DA and m BC ?
Measure the opposite sides of RSTU and WXYZ. What do you
observe ? Do you think that the measures of the opposite sides
of any parallelogram are equal ? Try to draw a parallelogran
in which the opposite sides do not have the same measure. What

do you conclude ?
Notice the symbol (—>—) indicating that the line

gegments are parallel in figures (2) and (3) above.

[2n

-y
A AL Amde

TN PR LT VR T T I T TR T N

T Rt TR T
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Now look at parallelogram RSTU in figure (3b).
Consider RS +to be a transversal cutting parallels ST and RU.

We have: m/_S+m/l R =29 s Why @

Consider RU to be a transversal cutting parallels RS and T0U.

We have: m/U+n/lR=2¢9 s Why 2
Hence, m/sS+n/R=nlU+m/ R ; Why?
Therefore, ntl sS=m/U 3 Why?

Now you set up a similar argument to show that:
n/ R=mn/ T .

You have just shown that the 6pposite angles of a

parallelogram have equal measure.

/R and /.8 in parallelogram RSTU of figure (3Db)
are called consecutive angles. /. R and /.S are supplementary
angles. Why ? Consecutive angles of a parallelogram are
supplementary.

-

In a parallelogram:

(1). Opposite sides are parallel.

(2) Opposite sides have equal measures.
(3) Opposite angles have equal measures.
(4) Conse~mtive angles are supplementary.

—

Notice that a parallelogram has two pairs of sides
parallel, whereas a trapezium has one pair of opposite sides
parallel. Hence, a parallelogram is a special kind of trapezium.
Is every trapezium a parallelogram ? Is every parallelogram a
'trapezium ?

Dkt BN O KA L ar . B U 0h s BAd s aNER T O

PP A 2
e et v e tan a4 s o
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Bxercises 2-8

l. Write two different names for each of the following

quadrilaterals:
B
A
C
D Ae
M
P 0

d.

H

T DU |

2. Given the following quadrilateral in which 7B l}ﬁﬁ:

Qe

Ce
d.
€
£f.

g.

i.

Je

m AD =

D

C

A
?

; m BC = ?2 ; What is true of these measures ?

What kind of .quadrilateral is ABCD ?

mAC = ? ; m DB =
n/a=92;mnlbd
mlc=2;mid
What is trve of m
mAE = ? ; m BE =
mDE =9 ; m CE =
A ADB ] AACB =
A apc N A BDC =

?

W) W) ) f\ It

What is true of these measures ?
What is true of these measures ?
What is true of these measures ?
and mZi.c °?

What kind of triangle is /\ AEB ?
What kind of triangle is A\ DEC ?

°
?
[
?

ETIE s LRy e

PRI T T O W L Re)

TS PR R RN T 17 DTy

IR R P A ey

2 Y RN
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5« Given the quadrilateral in which IE“ CD and 1D H BC:

A : D

B ' C
a.mAD = ? ; m BC = 2 3 What is true of these measures 9
What are these sides called ? “
b, m AB =? ;mCD = ? % What is true of these measures ?
What are these sides called 2

Cem/ A=92 ;m/ D=2 ; What is the sum of these measures ?
What are these angles called ?

de m£LB=2?2;mlD=29; What is true of these measures ?
What are these angles called ©

e. What name do we give quadrilateral ABCD 9

4. Bach of the followin® figures is a parallelogram. Find
m/lx, m/y, and ml z in each figure:

65

N S YA P It R Ay P R T L T

Er AT I I Lo T o A L TR T A T

P T LN ASE TS 1 ¥g PO L

TR e S R I PO TN

AT AL Caa VS LA AL
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5. Given the parallelogram PQRS in which the diagonals

intersect at T :
S

N

a, Will mZ a=mi b ? Way ? Check your answer by measur-

Q

ing the angles.
b, Will mZ.c =mZ d ? Why ¢ Measure the angles to check

P A e e 46 R el N R T vt

your answer. _
c. Will mZ e = mZ £ ¢ Why ? What are these angles called ?
d. Is m/Z g=m/ h ? Why ? What are these angles acalled ?
e. Is (ml a+méh)=(@m”Lb+mnlg)? Why?
f.Is (mlc+mle)=m~—d+mnlf)? Why?
g, (mZ.SPQ + m /L PSR) = ? What are these angles called ?
h. (m{ SPQ + m /. PQR) = ? What are these angles called ?
i, Is mZ i=mil j? What are these angles called ?

6. Refer to the parallelogram PQRS in Exercise 5 above.

a. m ST = 2 ; m TQ = ? ; What is true of these measures ?
be m PT = ? 3 m TR = ? ; What is true of these measures ?
c. Point T is the of SQ. Point T is the

of PR .
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2-9 Special Parallelograms

A parallelogram with two adjacent sides of equal
measure is a rhombus. Here are pictures of some rhombuses:

EN

I (b)

M (b) J
(1)
In figure (la), ABCD is a rhombus. Therefore, ABCD is
a parallelogram. Why ? What property of parallelograms tells
us that: ‘

m AB = m DC
and m DA =m BC 9
But: m DA = m DC Why 2

Therefore, m AB = m BC = m CD = m DA .

Gan you give a similar argument for rhombus (1b) to

show that: _ _
mnFG =mGHd =m AE = m BF 2

What can you conclude about all sides of any rhombus ?

CRA T ot DATES . ih Butser YAy 4D HaNE  mvek

e R T AN Y Kt a p TR AEY. et BE LTI 25 2 e k™ NG B i g n A s R et ™ i W ad BV A B et L ™

SOSE AR g AN o e e o
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A parallelogram with one right angle is a rectangle.
Here are pictures of some rectangles:

A B !
H [ G
] ‘
D (a) & G
k< Al
(e) ’ (®) !
C
] ~ (2)
4 T

In figure (2a), rectangle ABCD is also a parallelo-
| gram. Why ? What property of parallelograms tells us that:

, L D 1is supplementary to / A 9
But £ D is a right angle. Why °
Since mZ. D =90 ; Why ?

Therefore, m/ A = 90 .

Also, /. D is supplementary to/. C . Why 2
Hence m /. C =90 ; Why ?

m/ D .

Can you give a similar argument to show that

Therefore, m/ A =m/ C

m/ B=m/lD ?

What can you conclude zbout all angles i. rectangle
ABCD ? What can you conclude about all angles in any rectangle ¢
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A rhombus with one right angle is a square. Here are
pictures of some squares:

M L

A—- £ B P rt:

\ y\(}
/éb) J (é)‘ K

H

(3)

Since a square is a rhombus, what can you say about
all of the sides of & square ? Is a square also a2 rectangle ?
Why ? What can you say about all the angles of a square ?

We can also say that a square is a rectangle with twu
adjacent giaes of equal measure.

Rhombuses, rectangles and squares have:

(1) all the properties of parallelograms

and

(2) rhombuses have all sides of equal measure.

(3) rectangles have fovr right angles.

(4) squares have all sides of equal measure
and four rightv angles.

ERIC

Full Tt Provided by ERIC.
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Here is a diagram to help you learn the various kinds
of quadrilateralis: ];
/
A (¢ / C
i Quadrilateral
i H | > G
|
| B > P
3 Trapezium
M /l | ir
3 %
i 4 oy
: Parallelogram X
/ \‘
\ R X S
Q / _I 77 L__I
. y o,
-Bj Rectangle
P S
Rhombus \ ! - /
R B NS
, s
’: W \ X
3 square
% ,
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FExercises 2-9

at

e

b.

Ce
d.
e
I.
g
h.
i.

k.
1.

At LR E L deit Ot Pl g (L il ol taids 7

TER e SR T e TR ey

PLTAT e NP sl AT

E:

1. Given the rhombus ABCD in which the diagonals intersect

Why is m/Z a =m /L b ? Use your protractor to check that

these measures are equal.
Why is m/ ¢ = mZ d ? Check these measures with your

protractor.

Is ml e=m/l £ 2
Is m/Z g=mlh ? Why ?
Vas
(m ABC + m BAD) = 9
7N N
(m ADC + m DCB) = 2

Why 2

Why €
Why €

m/ i=92; mi j=¢2; What is true of these measures ?

What
What
m AR
m BE
What

kind of angles are /\ AEB and A BEC ?

can you say about the diagonals BD and AC ?

=9 s mEC = 2?2 ; What is true of these measures ?

=% 3: mED =2 3 What is true of these measures ?

else can you say about the diagonals BD and AC ?

e T Skl e SCiakk
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2. In your notebook, answer A if the sentence is always true,
N 1if the sentence is never true, and § if the sentence is
sometimes true and sometimes false:

a. A rhombus is a parallelogram.
b. A square is a rhombus.
¢c. Parallelograms are rectangles.

de A rectangle is a square.

e. Squares are rectangles.

f. No rhombus is a parallelogram.

g. A parallelogram is a rhombus.

h. No rectangle is a square.

i. A parallelogram is not a trapezium.
Jo A rhombus is a rectangle.

G 3 L R VTRV AT 4574 &V C AR (A TN 1T SO RGO PN T VTR IR TP R0 g R T T SRR IRy Ly I Ry N T . o

k. A quadrilateral is a parallelogran.
l. All parallelograms are quadrilatzrals.
m. A square is a parallelogram.

n. Rhombuses ars squarses.

0. A square is a trapezium.

p. All rectangles are parallelograms.
q. A rhombus is not a rectaungie.

r. No trapezium is a rhombus.

S. A rhombus is a quadrilateral.

t. No quadrilateral is a parallelogram.
We All trapeziums are parallelograms.
v. No square is a rhombus.

w. No rhombus is a square.

X. Parellelograms are squares.
yo No square is a rectangle.

%Z. A trapezium is a parallelogran.
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%. Given the rectangle FGHI in which the diagonals

intersect at point J:

B :
N.a

S

i h

G

Answer each of the following without measurings

Qe
b.
C.

d.

What do you think is true of angles a, b and c ?

Is m/ d=mle °?

Do the diagonals bisect each other ? Are they perpendicular
to each other ?

Are the measures of the diagonals of the rectangle FGHI
equal ? Check your answer by measuring.

Is mFJ =m GJ ?

What kind of triangle is A FJG¢ ©

What can you say about mZ.f and mZi.g 2

Is m GJ =m HJ ?

What kind of triangle is A GJH 2

Is m/Z h=m/li?®

Copy rectangle FGHI into your notebook.

Shade (region FGH)[] (region IHG) .

( A GFI) (} (AHIF) = 2

‘Shade (region WGH) (region GPFI) .

(AGHI) N ( ATFIH) = ¢

S e B Ny i R A e Pty ATt an M P h BLIN CE Y AL Pl
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4. Given the square FGHI in which the diagonals intersect
at point J: B I

Answer Questions (a) - (n)
refer.

5. In your notebook, answer T if the sentence is always true,

a

G H

of Exercise 3 above, but

©0 this square TFGHI .

and F if the sentence is not always true. Draw figures
to help you answer correctly.

de

b.
Ce
d.
€

The measures of the opposite sides of a parallelogran
are equal.

The measures of the diagonals of a rhombus are equal.

The measures of the diagonals of a parallelogram are equal

The diagonals of a rectangle have the same measure.

A trapezium has two pairs of opposite sides of the same
measure.

Ay

An isosceles trapezium has all four sides of the same
measure.,

Consecutive angles of a parallelogram have the same
measure.,

Opposite angles in a rhombus have the same measure.

Consecutive angles in a parallelogram are supplementary.
Adjacent sides of a rhombus have the same measure.

R R LAY R

AR TS O B I PR CA Bt R Y P Ot
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6. In each question, write the names of all the quadrilaterals
which satisfy the conditions of that question:

Ef a. One pair of opposite sides parallel.
: b. Two pairs of opposite sides parallel and diagonals of
the same measure.
c. Diagonals are perpendicular to each cth-r.
d. Opposite sides are parallel, and one rigit angle.
e. Opposite sides are parallel and adjacent sides are of the
same measure.
f, Diagonals are of the same measure and are perpendicular

to each other.

g. Consecutive angles are supplementary.

h. Consecutive angles are supplementary and of the same
measure.

i. Opposite angles are of the same measure.

j. Diagonals bisect each other.

2-10 Polygons of lMore than Four Sides

You have learnt that a polygon of three sides is called
a triangle, and one of four sides is called a quadrilateral.

Here is a table to help you learn the names of some
other polygons:

Number of sides: Name of polygon:
i b} Triangle
E 4 Quadrilateral
g 5 Pentagon
6 Hexagon
! Heptagon
8 Octagon
9 Nonagon
10 Decagon
15 15-gon
n n—gén

©

| ERIC
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How many vertices does an octagon have ? How many

angles does a pentagon have ? How many sides does a 23%-gon
have ?

Look at the following polygon:
B

Diagonal

‘;E\\\\Adjacent Sides

——
Exterior Angle

Interior Angle D

a1y ¥

In figure (1), notice that ED is extended to form.E? .
/[ CODF is called an exterior angle of the polygon. Is the

exterior angle CDF +the supplement of Z_EDC ¢ Why 2

A polygon wi.h all sides of equal measure is called
an equilateral polygon.

A polygon with all angles of equal measure is called
an ejquiangular polygon.

A polygon with all sides of equal measure and all angles %
of equal measure is called a regular polygon, §
F L M 5 "

K/\G

- W iy
J'\\\;///H : 0 \\\\\\V/////)
Equiangular Equilateral Vs

Polygon Polygon. Regular
(2) - Polygon
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Notice that a regular polygon is both equiangular and

equilateral.

Is a rhombus an equilateral polygon ? Is an equilateral

triangle a regular polygon ¢

Is a square a regular polygon ?

Are all reciangles regular polygons ?

Exercises 2-10

l. a. Draw pictures of three
b. Draw pictures of three
Cc. Draw pictures of three

2. In each of the following,
equilateral, equiangular,
your ruler and protractor

different equilateral polygons.
different equiangular polygons.
different reguiar polygons.

state whether the figure is
regular, or none of these. Use
to help you decide. '

%
/
®
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3. a. Is every equilateral polygon also equiangular ?
b. Are some equiangular polygons also equilateral ? ’
c. Is every equiangular polygon also regular ? : ' }
d. Is every regular polygon equiangular ? :
e. Are some equiangular polygons also equilateral ?

4. a. How many angles does a 2%-gon have ? a hexagon ? a nona-
gon ? a 107-gon ?
b. How meny sides has a polygon which contains 17 angles ?
32 angles ? 6 angles ?

I T NN P W R STL

2=-11 Sum of Measures of the Interior Angles of a Polygon

In Section 2-5, we said that the sum of the measures
of the angles of any triangle is 180.
Now look at the quadrilateral ABCD:

-

Lol S dnss~r aif Bixmig

C (1)
In figure (1), into how many triangles does the diagonal
DB separate ABCD ? Since there are two triangles, the sum S

of the angles of the quadrilateral ABCD is:
S = 2 x180
= (4 - 2) x 180
- 360 . |

Check this number by measuring each angle of ABCD in
figure (1), and adding those measures.
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Now look at this pentagon ABCDE:
B

E (2)
The diagonals AD and AC separate the pentagon into
(5 = 2) = 3 triangles. There are 180 degrees contained in
each triangle. Hence, the sum S of the measures of the angles
of the pentagon ABCDE 1is:

S =(5-2) x180
= %3 x 180
= 540 .

Check this number by measuring each angle of the pentagon
in figure (2), and finding the sum of these measures.

Now look at these figures:
B

Polygon ABCDEF:

6 sides
(6-2) triangles
S =(6 - 2) x 180

4 x 180

720

A S e Y AR T AT e ey Nt BN a3 T
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Polygon ABCDEFG:

7 sides

(7-2) triangles

wn

= (7-2) x 180
=5 x 180

= 900

b) (3)

If a polygon has n sides, then the sum § of the
measures of the.interior angles of that polygon is:

S=(n-2)x180 .

The sum S of the measures of the interior
angles of a polygon of n sides is:

S = (n-2) x 180

Bxercises 2-11

1. Find the sum of the measures of the interior angles of
the following polygons:
a. pentagon d. 15-gon
b. quédrilateral e. decagon
c. hexagon f. n-gon
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2, Given the following figure with data as marked:
B

A L c

E E = D

Find m/ A and m /L C without measuring.

3. Given the following figure with data as marked. Find the

following without measuring: A
a. m/ DEC =92 ; m Z_DCE = 2 7 B

b. m L DEF = ? ; m L DCB = ? {1400
c. m /L ABC = 2 '
d. What is the sum of the measures
of the interior angles of the 890
polygon ABCDER ? B 1300_ﬁ C
e. m/_ A =79 '
D

4, Complete the following table:

Number of | Number of Sum of Measures Ifleasure of each
Sides Triangles | of Interior ingle if Polygon
Angles is Regular
3 3-2 = 1 1x180 = 180 180 = 3 = 60
| 4 4-2 = 2 | 2x180 = 360 | 360 + 4 = 90
5 - - -
6 6=2 = 4 4x180 = 720 720 = 6‘= 120
8 - - -
9 - - -
10 - - - -
12 - - -
n — - - ]

PRV T N
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2=12 Sum of Measures of the Exterior Angles of a Polygon

Consider a triangle ABC with the sides produced in
order, as s. wn in figure (1):

A\ 2

We want to find the sum of the measures of the exterior
angles of /) ABC: '

m/ d+ml e +ml f= @9

Imagine a man walking along Eé. On getting to point‘ c,
he changes his direction to Th . Through what angle does the
man turn ? Do you agree that he turns through /. d ? On
getting to point A, he changes his direction to Kﬁ Through
what angle does the man now turn ? On getting to point B,
he must turn through Z f in order to face the original direction
of -3 What is the total amount of rotation that the man has
turned ? Has the man made one complete turn ? How many degrees
are there in one complete revolution ?

Thus: m/Zd+mnmle+ml f =30 .

Suppose the original figure were a quadrilateral. Does
the man still mske one complete turn when he has rotated
through the four exterior angles ? If the figure were a
pentagon, does the man still complete one revolution ? If the

4

x
e ot e A AUALZ SRay Mita a8t a ackt ad B T $ e b e e

3
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figure were a hexagon ? A 15-gon ? A polygon of any number
of sides ? In each polygon, the man rotates 360° ., Hence,
the sum of the measures of the exterior angles of a-polygon
of n sides is 360,

The sum of the measures of the exterior
angles of a polygon of n sides is 360 .

Exergisgs 2—12

l. What is the measure of each exterior angle of a regular
polygon with the given number of sides ?

a. 6 do 15 g. 30
bo 8 eo 18 hO 4‘5
c. 12 f. 20 i.n

2. How many sides has a regular polygon if the measures of
each exterior angle is as follows ?

a. 15 d. 90 8. 36
b. 30 e. 120 h. 1
c. 60 f. 5 i. n

5. Find the measure of an interior angle of a regular polygon
with the given number of sides:
a. 12 c. 10 e. 18
b. 15 d. 22 f. n

4. Find the number of sides of a regular polygon if the
measure of each interior angle is:
a. 170 c. 150 e. 108
b. 165 d. 156 f. 120
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2=-13 C(Circles

VYle now want to consider simple closed curves called
circles. Here is a picture of a circle:

Radius Centre
A

P

(1)

A circle is the set of points the same distance from

circle. In figure (1), A is the centre of the circle. The

distance from the centre to the circle is called the radius

of the circle. In figure (1), AP 1is a radius of the circle A.
You know that the instrument we use to make a circle

is called a compass.

FEere is another picture of a circle with some important
names given:

(2)

PP TR [T 2 L e

b e e A il N £ 0 LTI

ianl e b w el

L il s i
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A chord is a line segment with both endpoints on the
circle. DE is a chord in figure (1) .

A diameter is a chord which passes through the centre
of the circle. AB is a diameter in figure (1) .

A radius is a segment with one endpoint at the centre
and one endpoint on the circle. 0B and OC are radii of
circle O,

An arc consists of two points on the circle and all
points on the circle between them. 6% is an arc in figure (1).
Notice the symbol "™ " for T"arc” .

Exercises 2-13

l:. a. Draw a circle cof radius 1l.5 1inches, and call the centre
point A.
b. Draw a radius AB.
¢. Draw another radius AC such that m /Z BAC = 60.
d. Draw the chord BC.
e. What kind of triangle is 2\ ABC.?

a. Draw a circle of radius 4 cms. with B as centre.

b. Draw a diameter AC.

c. Let D be any point on the arc AC. Draw DA and DC.

d. m £ CDA = ?

e. Let E be another point on the arc AC but on the
opposite side of AC from D. Draw TC and EA.

f. m/ CEA = ?

g. What do you notice about angles CDA and CEA ¢

a. Draw another circle with radius 2 inches and repeat
parts (2b) to (2f) above.

b. What do you notice about the angles CDA and CEA for
this circle ¢ '
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4. Draw these designs with your compass and ruler:

L 1]
PR A W, P T TR R L P NI I T T R P R S SV BT AN LUTILE 5 3 PRI WY T T WP R\

k
3
';:
jj

raw three or more original designs with your compasses
and ruler. Sometimes shading helps to make the design more
attractive.
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Revision Test # 3

I. Fill in the blank to make each sentence true:

1.
2
D

9.

10.

A polygon is a made up of line segments.
A polygon with one pair of sides parallel is a e
An angle and its add to 180.

Adjacent angles have interior points

in ccmmon.
m / RST = 72. The bisector of /. RST forms two
angles each with measure of .

P is the midpoint of AB. m AP = 3. m AB = .
How many obtuse angles does an obtuse triangle have?
A right triangle has right angles.

A 1line segment connecting two points on a circle is
a .

A scalene triangle has equal sides.

II. MAnswer A if the sentence is always true, N if the
sentence is never true, and S 1if the sentence is

sometimes true:

1.
2
3.
4.
5.

6.
Te
8.
9.
10.

An isosceles triangle is equilateral.
A parallelogram is a rhombus.
A circle is a set of points.

A square is a regular polygon.

A parallelogram with two adjacent sides of equal measure
is a square.

A 